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Description 
Technical Field 

5 [0001] The present invention relates to a printed board for mounting thereon electronic components such as an IC 
chip and a method of manufacturing the printed board. More particularly, the present invention relates to a printed circuit 
board including therein a capacitor or the like and a method of manufacturing the printed circuit board. 

Background Art 

10 

[0002] At present, for the purpose of smoothly supplying electric power to an IC chip, a chip capacitor is often mounted 
on the surface of a printed circuit board used as a package substrate. 

[0003] The reactance of a wiring from the chip capacitor to the IC chip depends on frequency. Due to this, as IC chip 
driving frequency increases, the chip capacitor cannot exhibit sufficient effect even if the chip capacitor is mounted on 

15 the surface of the printed circuit board. Considering this, the applicant of the present invention proposed a technique, 
identified as Japanese Patent Application No. 1 1-24831 1 , for forming a concave portion on a core substrate so as to 
contain therein a chip capacitor. Techniques for embedding a capacitor in a substrate are disclosed in Japanese Patent 
Unexamined Application Publication (to be referred to as "Publication" hereinafter) Nos. 6-326472, 7-26361 9, 1 0-266429, 
1 1 -45956, 1 1 -1 26978. 1 1-31 2868 and the like. 

20 [0004] Publication No. 6-326472 discloses a technique for embedding a capacitor in a resin substrate made of glass 
epoxy. With this constitution, it is possible to reduce power supply noise and to dispense with a space for mount Ing the 
chip capacitor, thereby making an insulating substrate small in size. Publication No. 7-26361 9 discloses a technique for 
embedding a capacitor in a substrate made of ceramic, alumina or the like. With this constitution, the capacitor Is 
connected between a powersupply layer and a ground layerto thereby shorten wiring length and reduce wiring Inductance. 

25 [0005] However, according to the Publication Nos, 6-326472 and 7-26361 9 stated above, the distance from the IC 
chip to the capacitor cannot be set too short and the wiring inductance cannot be reduced as currently desired in the 
higher frequency region of the IC chip. In case of a multi-layer buildup wiring board made of resin, in particular, due to 
the difference in the coeffteient of thermal expansion between a capacitor made of ceramic and a core substrate as well 
as interiayer resin insulating layers made of resin, disconnection occurs between the terminal of the chip capacitor and 

30 a via, separation occurs between the chip. capacitor and the interiayer resin insulating layers and cracks occur to the 
interiayer resin insulating layers. Thus, the multi-layer buildup wiring board could not realize high reliability for a long time. 
[0006] On the other hand, according to the invention of Publication No. 1 1 -24831 1 , if the position at whteh a capacitor 
is arranged is deviated, the connection between the temriinal of the capacitor and a via cannot be accurately established 
and power cannot be possibly supplied from the capacitor to the IC chip. 

35 [0007] The present invention has been made to solve the above-stated problems. It Is, therefore, an object of the 
present Invention to provide aprinted circuit board including therein a capacitor and having enhanced connection reliability 
and to provide a method of manufacturing the printed circuit board. 
[0008] The object of the invention is achieved with the features of the claims. 

^ Disclosure of the Invention 

[0009] In order to achieve the above purpose, according to claim 1 , a printed circuit board constituted a build up wiring 
layer by altemately laminating interiayer resin insulating layers and conductive circuits In a multilayer manner on a core 
substrate containing a capacitor consisting of ceramic characterized in that 
^ the core substrate containing said capacitor Is constituted by providing a first resin substrate, a second resin substrate 
having an opening for containing the capacitor and a third resin substrate in a multilayer manner while interposing 
bonding plates each of said first, second and third resin substrates has a core impregnated with a resin: 

said buildup wiring layer on the first resin layer has a solder bump for connecting to an IC chip: and 


a first electrode, a second electrode of said capacitors are connected to the conductive circuits via a via hole 
penetrating the interiayer resin Insulating layers on the core substrate and said first resin substrate. 

[0010] According to claim 15, a printed circuit board manufacturing method is characterized by comprising at least 
55 the following steps (a) to (g): 


(a) tomning a conductor pad section on a first resin substrate; having a core impregnated with a resin; 

(b) connecting a capacitor consisting of ceramic to said conductor pad section of said first resin substrate through 
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a conductive bonding agent; 

(c) providing a third resin substrate having a core innpregnated with a resin, a second resin substrate having a core 
Impregnated with a resin having an opening for containing said capacitor and said first resin substrate in a multilayer 
manner while interposing bonding plates so that said capacitor of said first resin substrate is contained in said 
opening of said second resin substrate and that said opening of said second resin substrate is closed by the third 
resin substrate; and 

(d) heating and pressurizing said first resin substrate, said second resin substrate and said third resin substrate, to 
thereby provide a core substrate; 

(e) fomiing an interlayer resin insulating layer on said first resin substrate; 

(f) forming an opening for via hole reaching to said conductor pad section in said first resin substrate and said 
interlayer resin insulating layer and 

(g) fomning a conductive circuit on said interlayer resin insulating layer and via hole (60) in said opening for via hole. 

[0011] According to a printed circuit board recited above and a printed circuit board manufacturing method recited 
above the capacitor can be contained in the core substrate and the distance between the IC chip and the capacitor is 
shortened. Therefore, it is possible to reduce the loop inductance of the printed circuit board. Further, since the core 
substrate is constituted by providing resin substrates in a multilayer manner, it can obtain sufficient strength. Besides, 
since the core substrate is constituted smoothly by providing the first resin substrate and the third resin substrate on the 
both sides of the core substrate, respectively, it is possible to appropriately fomn interiayer resin insulating layers and 
conductor circuits on the core substrate and to thereby decrease the probability of the occun-ence of defective printed 
circuit boards. 

[001 2] Interiayer resin Insulating layers are provided on the core substrate, via holes or through holes are provided in 
the interiayer resln insulating layers, and conductor circuits serving as conductive layers are formed, which means the 
circuit is formed by a buildup method. As the buildup method, either a semi-additive method, a full additive method can 


[001 3] It is preferable that a gap is filled with a resln. By removing the gap between the capacitor and the core substrate, 
the capacitor Included in the core substrate behaves less frequentiy. Even if a stress.resulting from the capacitor occurs, 
tile stress can be eased by the filled resln. Also, the resin can advantageously bond the capacitor to the core substrate 
and prevent migration. 

[0014] According to a first aspect each of the bonding plates has a core impregnated with a themnosetting resin. Due 
to this, the core substrate can obtain high strength. 

[0015] According to a further aspect each of the first, second and tiiird resln substrates has a core impregnated with 
a resln. Due to this, the core substrate can obtain high strength. 

[0016] According to yet another aspect a plurality of capacitors are contained in the core substrate. Due to this, it is 
possible to highly integrate the capacitors. 

[0017] According to a further aspect, the conductor circuits are formed on the second resin substrate. Due to this, it 
is possible to Increase tiie wiring density of the substrate and to reduce the number of Interiayer resin insulating layers. 
[0018] According to a further aspect, the capacitor is contained In the substrate and. at the same time, a capacitor is 
provided on the surface of tiie printed circuit board. Since the capacitor is contained in the printed circuit board, the 
distance between the IC chip and the capacitor is shortened, loop inductance is reduced and power can be supplied 
momentarily. Since the capacitor is also provided on the surface of the printed circuit board, a mass storage capacitor 
can be attached and high power can be easily supplied to tiie IC chip. 

[001 9] According to a further aspect, the capacitance of the capacitor on the surface is equal to or higher than that of 
a capacitor on an Inner layer. Due to this, it Is possible to ensure the desired operation of the IC chip without lack of 
power supply in a high frequency region. 

[0020] According to a further aspect, the inductance of the capacitor on the surface is equal to or higher than that of 
the capacitor on an inner layer. Due to this, it is possible to ensure the desired operation of the IC chip without lack of 
power supply in a high frequency region. 

[0021] According to a further aspect, the electrode of the chip capacitor on which the metal film is fomned is made 
electrically connectable using a via hole made of a plated material. Here, the electrode of the chip capacitor is made by 
metalizatlon and has Irregular portions on the surface thereof. However, the surface of the chip capacitor is smoothed 
by the metal film and disconnection does not occur to the electrode, the bonding plates or the like even if a heat cycle 
test is conducted. 

[0022] The metal film of the electrode of the capacitor is preferably made of one selected from copper, nickel and 
noble metal. This is because a layer made of tin or zinc tends to Induce migration to the capacitor included in the substrate. 
For that reason, the metal film can also prevent tiie occurrence of migration. 

[0023] Further, tiie surface of the chip capacitor may be roughed. By doing so, the adhesiveness between the chip 
capacitor made of ceramic and the bonding layer, the interiayer resin insulating layers made of a resin is high and the 


25 be employed. 
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separation of the bonding layers and the interfayer resin insulating layers does not occur to interfaces even If a heat 
cycle test is conducted. 

[0024] According to a further aspect, at least a part of a coating layer of the electrode of the capacitor is exposed and 
contained in the printed circuit board to thereby make the electrode exposed from the coating layer electrically connect- 
5 able. In this case, it is preferable that the metal exposed from the coating layer mainly consists of copper. This is because 
connection resistance can be reduced. 

[0025] According to a further aspect, a chip capacitor having electrodes fonned inside of an outer edge thereof is 
employed. Due to this, even if continuity is established through the via hole, a large external electrode can be provided 
and the allowable range of alignment is widened, so that connection defect can be eliminated. 
10 [0026] According to a further aspect, a capacitor having electrodes fonned in a matrix is employed. Due to this, a large 
chip capacitor can be contained in the core substrate. Accordingly, capacitance can be Increased and electrical problems 
can be, therefore, solved. Besides, even if going through various heat histories, the printed circuit board does not warp 
so easily. 

[0027] According to a further aspect, a plurality of chip capacitors for providing many capacitors may be coupled to 
^5 be employed as the capacitor. By doing so, it is possible to appropriately adjust capacitance and to appropriately operate 
the !C chip. 

[0028] According to a further aspect, the coefficient of themrial expansion of the insulating bonding agent is set lower 
than that of the containing layer, i.e., set closer to that of the capacitor made of ceramic. Due to this, even if an internal 
stress resulting from the difference in the coefficient of thermal expansion between the core substrate and the capacitor 
^ occurs in a heat cycle test, cracks, separation and the like less occur to the core substrate, thereby making it possible 
to attain high reliability. 

[0029] To obtain the above-stated object, a further embodiment is a printed circuit board constituted by providing resin 
insulating layers and conductor circuits on a core sut)strate in a multilayer manner, technically characterized In that 
the core substrate is constituted by bonding together a plurality of resin substrates, the conductor circuits formed on the 
25 plurality of resin substrates; and 

a capacitor Is contained in the core substrate. 

[0030] A further embodiment is a printed circuit board constituted by providing resin Insulating layers and conductor 
circuit on a core substrate in a multilayer manner, technically characterized in that 

the core substrate is constituted by bonding together a plurality of resin substrates, the conductor circuits formed on the 
30 plurality of resin substrates; and 

a capacitor Is contained in a concave portion fonned in the core substrate. 

[0031] According to a further aspect, the capacitor can be contained in the core substrate and the distance between 
the iC chip and the capacitor is shortened. Due to this, it is possible to reduce the loop Inductance of the printed circuit 
board. In addition, since the core substrate Is fonned by providing a plurality of resin substrates on which the conductor 
35 circuits are fonnecl In a multilayer manner, the wiring density of the core substrate is increased and the number of 
interlayer resin insulating layers can be reduced. 

[0032] Interiayer resin insulating layers are provided on the core substrate, via holes or through holes are provided in 
the interiayer resin insulating layers, and conductor circuits serving as conducth^e layers are fonned, whtoh means a 
circuit fonned by a buildup method. As the buildup method, either a semi-additive method, a full additive method can 
^ be employed. 

[0033] If is preferable that a gap is filled with a resin. By removing the gap between the capacitor and the core substrate, 
the capacitor included in the core substrate behaves less frequently. Even if a stress resulting from the capacitor occurs, 
the stress can be eased by the filled resin. Also, the resin can advantageously bond the capacitor to the core substrate 
and prevent migration. 

45 [0034] According to a further aspect, a plurality of resin substrates are bonded together with bonding plates Interposed 
therebetween. Due to this, it is possible to strongly bond the resin substrates together. 

[0035] According to a further aspect, each of the bonding plates has a core impregnated with a thermosetting resin. 
Due to this, the core substrate can obtain high strength. 

[0036] According to a further aspect, each of the resin substrates has a core impregnated with a resin. Due to this, 
50 the core substrate can obtain high strength. 

[0037] According to a further aspect, a plurality of capacitors are contained in the core substrate. Due to this, it is 
possible to highly Integrate the capacitors, 

[0038] According to a further aspect, the capacitor is contained in the substrate and, at the same time, a capacitor is 
provided on the surface of the printed circuit board. Since the capacitor is contained in the printed circuit board, the 
55 distance t)etween the IC chip and the capacitor is shortened, loop inductance is reduced and power can be supplied 
momentarily. Since the capacitor is also provided on the surface of the printed circuit board, a mass storage capacitor 
can be attached and high power can be easily supplied to the IC chip. 

[0039] According to a further aspect, the capacitance of the capacitor on the surface is equal to or higher than that of 


4 


EP1 M39 705 


Page 5 of 98 




EP1 139 705 B1 


a capacitor on an inner layer. Due to this, it is possible to ensure the desired operation of the IC chip without lack of 
power supply in a high frequency region. 

[0040] According to a further aspect, the Inductance of the capacitor on the surface Is equal to or'hlgher than that of 
the chip capacitor on an Inner layer. Due to this, It Is possible to ensure the desired operation of the IC chip without lack 

5 of power supply in a high frequency region. 

[0041] According to a further aspect, the electrode of the chip capacitor on which the metal film is formed is made 
electrically connectable using a via hole made of a plated material. Here, the electrode of the chip capacitor is made by 
metalization and has in-egular portions on the surface thereof. However, since the surface of the chip capacitor Is 
smoothed by the metal film and the via hole is fomied, resin residue does not remain when a through hole is formed In 

10 the resin coated on the electrode and the reliability of the connection between the via hole and the electrode can be 
enhanced. Further, since the via hole is fomned by plating In the electrode having a plated member fomied thereon, the 
characteristics of the connection between the electrode and the via hole is high and disconnection does not occur 
between the electrode and the via hole even if a heat cycle test is conducted. 

[0042] The metal film of the electrode of the capacitor is preferably made of one selected from copper, nickel and 
15 noble metal. This is because a layer made of tin or zinc tends to induce migration to the capacitor included In the substrate. 
For that reason, the metal film can also prevent the occurrence of migration. 

[0043] Further, the surface of the chip capacitor may be roughed. By doing so, the adhesiveness between the chip 
capacitor made of ceramic and the bonding layer, the interiayer resin insulating layers made of a resin Is high and the 
separation of the interiayer resin insulating layers does not occur to interfaces even if a heat cycle test is conducted. 

20 [0044] According to a further aspect, at least a part of a coating layer of the electrode of the capacitor is exposed and 
contained in the printed circuit board to thereby make the electrode exposed from the coating layer electrically connect- 
able. In this case, It Is preferable that the metal exposed from the coating layer mainly consists of copper. This is because 
high connection characteristics can be ensured and connection resistance can be reduced even if a metal layer is formed 
by plating on the exposed metal. 

25 [0045] According to a further aspect a chip capacitor having electrodes formed Inside of an outer edge thereof Is 
employed. Due to this, even if continuity is established through the via hole, a large extemal electrode can be provided 
and the allowable range of alignment Is widened, so that connection defect can be eliminated. 
[0046] According to a further aspect, a capacitor having electrodes fomied in a matrix is employed. Due to this, a large 
chip capacitor can be contained in the core substrate. Accordingly, capacitance can be increased and electrical problems 

30 can be, therefore, solved. Besides, even if going through various heat histories, the printed circuit board does not warp 
so easily. 

[0047] Accordingtoclaim31.apluralityofchipcapacitorsforprovldingmanycapacltorsmaybecoupledtobeemployed 
as the capacitor. By doing so, it Is possible to appropriately adjust capacitance and to appropriately operate the IC chip. 
[0048] According to a further aspect, the coefficient of thennal expansion of the insulating bonding agent is set lower 
35 than that of the core substrate, i.e., set closer to that of the capacitor made of ceramic. Due to this, even if an internal 
stress resulting from the difference in the coefficient of thermal expansion between the core substrate and the capacitor 
occurs in a heat cycle test, cracks, separation and the like less occur to the core substrate, thereby making It possible 
to attain high reliability. 

[0049] According to a further aspect, a printed circuit board manufacturing method characterized by comprising at 
^0 least the following steps (a) to (e): 

(a) fomning conductor circuits on a plurality of resin substrates; 

(b) providing a plurality of said resin substrates In a multilayer manner through bonding plates; 

(c) bonding together said resin substrates through said bonding plates, to thereby provide a core substrate; 
^ (d) forming a concave portion In said core substrate; and 

(e) containing a capacitor in said concave portion. 

[0050] According to a further aspect; a printed circuit board manufacturing method comprising at least the following 
steps (a) to (e): 

so 

(a) fomning a resin substrate with a through hole and having a conductor circuit provided on a surface; 

(b) fonning a resin substrate without a through hole and having a conductor circuit provided on a surface; 

(c) providing said resin substrate with the through hole and said resin substrate without the through hole through a 
bonding plate in a multilayer manner; 

^ (d) bonding together said resin substrates through said bonding plate, to thereby provide a core substrate; and 

(e) containing a capacitor In said concave portion. 

[0051 ] According to a further aspect, the capacitor can be contained In the core substrate and the distance between 
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the IC chip and the capacitor is shortened. Therefore, ft is possible to reduce the loop inductance of the printed circuit 
board. Also, since the core substrate is formed by providing a plurality of resin substrates, on which conductor circuits 
are fonned, in a multilayer manner, wiring density within the core substrate is increased and the number of Interiayer 
resin insulating layers can be reduced. 

[0052] In order to achieve the above purpose, according to claim 35, a printed circuit board constituted by alternately 
providing interiayer resin insulating layers and conductor circuits in a multilayer manner on a core substrate containing 
a capacitor, characterized in that 

the core substrate containing said capacitor is constituted by providing a first resin substrate, a second resin substrate 
having an opening for containing the capacitor and a third resin substrate in a multilayer manner while interposing 
bonding plates; and 

via holes connected to a terminal of said capacitor are provided on both sides of said core substrate. 
[0053] According to a printed circuit board of a further embodiment, the capacitor can be contained In the core substrate 
and the distance between the IC chip and the capacitor is shortened. Therefore, it is possible to reduce the loop inductance 
of the printed circuit board. Further, since the core substrate is constituted by providing resin substrates in a multilayer 
manner, it can obtain sufficient strength. Besides, since the core substrate is constituted smoothly by providing the first 
resin substrate and the third resin substrate on the both sides of the core substrate, respectively, *rt is possible to 
appropriately form interiayer resin insulating layers and conductor circuits on the core substrate and to thereby decrease 
the probability of the occun-ence of defective printed circuit boards. Further, since the via holes are provided on the both 
sides of the core substrate, it is possible to connect the IC chip to the capacitor and an external connection substrate to 
the capacitor with shortest distances and it is possible to momentarily supply high power from the external connection 
substrate to the IC chip. 

[0054] Interiayer resin insulating layers are provided on the core substrate, via holes or through holes are provided in 
the interiayer resin Insulating layers, and conductor circuits serving as conductive layers are fomied, which means the 
circuit Is fomned by a buildup method. As the buildup method, either a semi-additive method, a full additive method can 
be employed. 

[0055] Further, by an^anging connection wirings, it is possible to provide wirings below the capacitor. As a result, the 
degree of freedom for wirings increases, thereby making It possible to reaHze high density and make the printed circuit 
. board small in size. 

[0056] It is preferable that a resin is filled between the capacitor and the substrate. By removing the gap between the 
capacitor and the substrate, the capacitor included in the core substrate behaves less frequently. Even if a stress resulting 
from the capacitor occurs, the stress can be eased by the filled resin. Also, the resin can advantageously bond the 
capacitor to the core substrate and prevent rinigration. 

[0057] According to a further aspect, each of the bonding plates has a core impregnated with a thermosetting resin. 
Due to this, the core substrate can obtain high strength. 

[0058] According to a further aspect, each of the first, second and third resin substrates has a core impregnated with 
a resin. Due to this, the core substrate can obtain high strength. For example, a core Impregnated with a reinforcing 
material such as glass epoxy or glass phenol can be employed. 

[0059] According to a further aspect, since a plurality of capacitors are contained in the core substrate, it is possible 
to highly Integrate the capacitors. It is, therefore, possible to ensure more capacitance. 

[0060] According to a further aspect, the conductor circuits are fomied on the second resin substrate. Due to this, it 
is possible to Increase the wiring density of the substrate and to reduce the number of interiayer resin insulating layers. 
[0061] According to a further aspect, the capacitor Is contained in the substrate and, at the same time, a capacitor is 
provided on the surface of the printed circuit board. Since the capacitor is contained In the printed circuit board, the 
distance between the IC chip and the capacitor is shortened, loop inductance is reduced and power can be supplied 
momentarily. Since the capacitor is also provided on the surface of the printed circuit board, a mass storage capacitor 
can be attached and high power can be easily supplied to the IC chip. 

[0062] According to a further aspect, the capacitance of the capacitor on the surface is equal to or higher than that of 
a capacitor on an inner layer. Due to this, it is possible to ensure the desired operation of the IC chip without lack of 
power supply in a high frequency region. 

[0063] According to a further aspect, the inductance of the capac'rtor on the surface is equal to or higher than that of 
the capacitor on an inner layer. Due to this, it is possible to ensure the desired operation of the IC chip without lack of 
power supply In a high frequency region. 

[0064] According to a further aspect, the electrode of the chip capacitor on which the metal film is formed is made 
electrically connectable using a via hole made of a plated material. Here, the electrode of the chip capacitor is made by 
metalization and has in-egular portions on the surface thereof. However, since the surface of the chip capacitor is 
smoothed by the metal film and the via hole Is fomned, resin residue does not remain when a through hole is formed in 
the resin coated on the electrode and the reliability of the connection between the via hole and the electrode can be 
enhanced. Further, since the via hole is formed by plating in the electrode having a plated member formed thereon, the 
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characteristics of the connection between the electrode and the via hole is high and disconnection does not occur 
between the electrode and the via hole even if a heat cycle test is conducted. 

[0065] The metal film of the electrode of the capacitor is preferably made of one selected from copper, nickel and 
noble metal. This is because a layer made of tin'or zinc tends to Induce migration to the capacitor Included in the substrate. 
For that reason, the metal film can also prevent the occurrence of migration. 

[0066] Further, the surface of the chip capacitor may be roughed. By doing so, the adhesiveness between the chip 
capacitor made' of ceramic and the bonding layer, the interiayer resin insulating layers made of a resin is high and the 
separation of the bonding layers and the interiayer resin insulating layers does not occur to interfaces even if a heat 
cycle test Is conducted. 

[0067] According to a further aspect, at least a part of a coating layer of the electrode of the capacitor is exposed and 
contained In the printed circuit board to thereby make the electrode exposed from the coating layer electrically connect- 
able. In this case, it is preferable that the metal exposed from the coating layer mainly consists of copper. This is because 
high connection characteristics can be ensured and connection resistance can be reduced even if a metal layer is formed 
by plating on the exposed metal. 

[0068] According to a further aspect, a chip capacitor having electrodes fomned inside of an outer edge thereof is 
employed. Due to this, even if continuity is established through the via hole, a large extemal electrode can be provided 
and the allowable range of alignment is widened, so that connection defect can be eliminated. 
[0069] According to a further aspect, a chip capacitor having electrodes fomned In a matrix is employed. Due to this, 
a large chip capacitor can be contained in the core substrate. Accordingly, capacitance can be increased and electrfcal 
problems can be, therefore, solved. Besides, even if going through various heat histories, the printed drcuit board does 
not warp so easily. 

[0070] According to a further aspect, a plurality of chip capacitors for providing many capacitors may be coupled to 
be employed as the capacitor. By doing so, it is possible to appropriately adjust capacitance and to appropriately operate 
the IC chip. 

[0071] According to a further aspect, the coefficient of thennal expansion of the insulating bonding agent is set lower 
than that of the containing layer, I.e.. set closer to that of the capacitor made of ceramic. Due to this, even if an intemal 
stress resulting from the difference in the coefficient of theimal expansion between the core substrate and the capacitor 
occurs in a heat cycle test, cracks, separation and ttie like less occur to the core substrate, thereby making it possible 
to attain high reliability. 

[0072] According to a further aspect, a printed circuit board manufacturing method characterized by comprising at 
least the following steps (a) to (d): 

(a) attaching a capacitor to a first resin substrate through a bonding material; 

(b) providing a third resin substrate, a second resin substrate having an opening for containing said capacitor and 
a first resin substrate in a multilayer manner so that said capacitor of said first resin substrate Is contained in said 
opening of said second substrate and that said opening of said second resin substrate Is closed by said third resin 

. substrate, thereby providing a core substrate; 

(c) applying laser and fonning a via hole opening reaching said capacitor in said core substrate; 

(d) fonning a via hole In said via hole opening. 


[0073] According to a further aspect, the capacitor can be contained in the core substrate and the distance between 
the IC chip and the capacitor is shortened. Therefore, it is possible to reduce the loop inductance of the printed circuit board. 
[0074] According to a further aspect, a printed drcuit board manufacturing method characterized by comprising at 
least the following steps (a) to (f): 


(a) fonning a via hole formation opening in a metal film on one side of a first resin substrate; 

(b) attaching a capacitor to a metal film unfomned surface of said first resin substrate through a bonding material; 

(c) providing a third resin substrate, a second resin substrate having an opening for containing said capacitor and 
said first resin substrate in a multilayer manner by Interposing bonding plates so that said capadtor of said first resin 
substrate is contained In said opening of said second resin substrate and that said opening of said second resin 
substrate is dosed by said third resin substrate; 

(d) heating and pressurizing said first resin substrate, said second resin substrate and said third resin substrate, to 
thereby provide a core substrate; 

(e) applying laser to said via hole formation opening formed in said metal film of said first resin substrate, and forming 
a via hole opening reaching said capacitor; and 

(0 forming a via hole in said via hole opening. 

[0075] According to a further aspect, the capacitor can be contained in the core substrate and the distance between 
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the IC chip and the capacitor is shortened. Therefore, it is possible to reduce the loop inductance of the printed circuit 
board. In addition, an opening is provided in the metal film of the first resin substrate having the metal film fornied on 
one side thereof by etching or the like. By applying laser to the position of the opening, the resin insulating layer exposed 
from the opening is removed and an opening for a via hole is provided. As a result, the opening diameter of the via hole 
5 depends on the opening diameter of the metal film, so that it is possible to fomn the via hole to have an appropriate 
opening diameter. Likewise, the positional accuracy of the via hole opening depends on the opening position of the 
metal film. Due to this, even if the positional accuracy of the laser applteation is low. It is possible to fomi the via hole at 
an appropriate position. 

[0076] According to a further aspect, a printed circuit board manufacturing method is characterized by comprising at 
10 least the following steps (a) to (f): 

(a) fomning via hole fonnation openings in metal films of a first resin substrate and a third resin substrate, the metaJ 
films bonded on one side of said first resin substrate and said third resin substrate, respectively; 

(b) attaching a capacitor to a metal film unformed surface of said first resin substrate through a bonding material; 
IS (c) providing said third resin substrate, a second resin substrate having an opening for containing said capacitor 

and said first resin substrate In a multilayer manner by providing a bonding plate on said metal film unformed surface, 
so that said capacitor of said first resin substrate is contained in said opening of said second resin substrate and 
that said opening of said second resin substrate is closed by said third resin substrate; 

(d) heating and pressurizing said first resin substrate, said second resin substrate and said third resin substrate, to 
20 thereby provide a core substrate; 

(e) applying laser to said via hole formation openings fomned in said first resin substrate and said third resin substrate, 
and forming a via hole opening reaching said capacitor; and 

(f) fonning a via hole in said via hole opening. 

25 [0077] According to a further aspect, the capacitor can be contained in the core substrate and the distance between 
the IC chip and the capacitor is shortened. Therefore, it is possible to reduce the loop Inductance of the printed circuit 
board. In addition, openings are provided In the metal films of the first and third resin substrates each having the metal 
film fonrted on one side thereof, respectively, by etching or the like. By applying laser to the position of the opening, the 
resin insulating layer exposed from the opening is removed and an opening for a via hole is provided. As a result, the 

30 opening diameter of the via hole depends on the opening diameter of the metal film, so that it is possible to forni the via 
hole to have an appropriate opening diameter. Likewise, the positional accuracy of the via hole opening depends on the 
opening position of the metal film. Due to this, even if the positional accuracy of the laser applteation Is low, ft Is possible 
to foim the via hole at an appropriate position. 

[0078] Further, since the core substrate is constituted by providing resin substrates in a multilayer manner, it can 
35 obtain sufficient strength. Besides, since the core substrate is constituted smoothly by providing the first resin substrate 
and the third resin substrate on the both sides of the core substrate, respectively, it is possible to appropriately form 
interiayer resin insulating layers and conductor circuits on the core substrate and to thereby decrease the probability of 
the occun-ence of defective printed circuit boards. Further, since the via holes are provided on the both sides of the core 
substrate, it is possible to connect the IC chip to the capacitor and an external connection substrate to the capacitor with 
^ shortest distances and it is possible to momentarily supply high powerf rom the external connection substrate to the IC chip. 
[0079] According to a further aspect, a printed circuit board manufacturing method is characterized by comprising at 
least the following steps (a) to (g): 

(a) fomiing a through hole fonmatlon openings In metal films of a first resin substrate and a third resin substrate, the 
^ metal films bonded on one side of said first resin substrate and said third resin substrate, respectively; 

(b) attaching a capacitor to a metal film unfomried surface of said first resin substrate through a bonding material; 

(c) providing said third resin substrate, a second resin substrate having an opening for containing said capacitor 
and said first resin substrate in a multilayer manner by providing a bonding plate on said metal film unformed surface 
so that said capacitor of said first resin substrate is contained in said opening of said second resin substrate and 

w that said opening of said second resin substrate Is closed by said third resin substrate; 

(d) heating and pressurizing said first resin substrate, said second resin substrate and said third resin substrate, to 
thereby provide a core substrate; 

(e) applying laser to said through hole fomnation openings fomned in said first resin substrate and said third resin 
substrate, and fonning a via hole opening reaching said capacitor; 

(f) removing or thinning said metal films; and 

(g) forming a conductor circuit and a via hole on said core substrate. 

[0080] According to a further aspect, the capacitor can be contained in the core substrate and the distance between 
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the IC chip and the capacitor Is shortened. Therefore, it is possible to reduce the loop inductance of the printed circuit 
board. In addition, an opening is provided in the metal film of the first resin substrate having the metal film formed on 
one side thereof by etching or the like. By applying laser to the position of the opening, the resin insulating layer exposed 
from the opening is removed and an opening for a via hole is provided. Thereafter, the metal film Is removed by etching 

5 or the nice. As a result, the opening diameter of the via hole depends on the opening diameter of the metal film, so that 
it is possible to fomri the via hole to have an appropriate opening diameter. Likewise, the positional accuracy of the via 
hole opening depends on the opening position of the metal film. Due to this, even if the positional accuracy of the laser 
application is low, it is possible to fomn the via hole at an appropriate position. In addition, by removing the metal film by 
etching or the like, wirings can be formed thin and, therefore, fomned at fine pitch. 

10 [0081] Further, since the core substrate is constituted by providing resin substrates in a multilayer manner, it can 
obtain sufficient strength. Besides, since the core substrate is constituted smoothly by providing the first resin substrate 
and the third resin substrate on the both sides of the core substrate, respectively, it is possible to appropriately fomn 
interiayer resin insulating layers and conductor circuits on the core substrate and to thereby decrease the probability of 
the occurrence of defective printed circuit boards. 

15 [0082] In order to achieve the above purpose, according to a further aspect, a printed circuit board constituted by 
providing resin insulating layers and conductor circuits on a core substrate in a multilayer manner, characterized in that 
a capacitor is included in said core substrate, and a relatively large lower-layer via hole connected to an electrode of 
said capacitor is fomned; and 

a plurality of relatively small upper-layer via holes connected to one said lower-layer via hole are provided in an interiayer 

^ resin insulating layer on an upper surface of said core sut}strate. 

[0083] According to a further aspect, a capacitor is included in the core substrate, a relatively large lower-layer via 
hole connected to a temiinal of the capacitor is formed, and a plurality of relatively small upper-layer via holes connected 
to one the lower-layer via hole are provided in an interiayer resin irisulating layer on an upper surface of the core substrate. 
By doing so. it is possible to connect the temiinal of the capacitor to the lower-layer via holes even if the position at 

25 vfhkh the capacitor is provided is shifted, and it is possible to ensure the supply of power from the capacitor to the IC 
chip. Further, by providing a plurality of relatively small upper-layer via holes, it is possible to obtain the same effect as 
that of connecting inductances in parallel. Thus, the high frequency characteristics of power supply lines and ground 
lines are enhanced, thereby making it possible to prevent the malfunction of the IC chip due to lack of supply of power 
or the variation of earth level. Moreover, since the wiring length can be shortened, it is possible to reduce loop inductance. 

30 [0084] It is preferable that a concave portion is filled with a resin. By removing the gap between the capacitor and the 
core substrate, the capacitor included in the core substrate behaves less frequently. Even if a stress resulting from the 
capacitor occurs, the stress can be eased by the filled resin. Also, the resin can advantageously bond the capacitor to 
the core substrate and prevent migration. 

[0085] According to a further aspect, a filled via hole having a flat surface is employed as the lower-layer via hole. 
35 Due to this, it is possible to directly connect a plurality of upper-layer via holes to one lower-layer via hole. Thus, it is 
possible to enhance the characteristics of the connection between the lower-layer via hole and the upper-layer via hole 
and to thereby ensure the supply of power from the capacitor to the IC chip. 

[0086] According to a further aspect, one capacitor is contained in a concave portion formed in the core substrate. 
Thus, the capacitor is arranged in the core substrate, so that the distance between the IC chip and the capacitor is 
"io shortened and it is possible to reduce the loop Inductance of the printed circuit board. 

[0087] According to a further aspect, a plurality of capacitors are contained In the concave portion. Due to this, it is 
possible to realize the high integration of capacitors. 

[0088] According to a further aspect, the electrode of the chip capacitor on which the metal film is fomied is made 
electrically connectable using a via hole made of a plated material. Here, the electrode of the chip capacitor is made by 

^5 metalization and has in-egular portions on the surface thereof. However, since the surface of the chip capacitor is 
smoothed by the metal film and the via hole is fomned, resin residue does not remain when a through hole is formed in 
the resin coated on the electrode and the reliability of the connection between the via hole and the electrode can be 
enhanced. Further, since the via hole is formed by plating in the electrode having a plated member formed thereon, the 
characteristics of the connection between the electrode and the via hole is high and disconnection does not occur 

so between the electrode and the via hole even if a heat cycle test is conducted. 

[0089] The surface of the chip capacitor may be roughed. By doing so, the adhesiveness between the chip capacitor 
made of ceramic and the bonding layer, the interiayer resin insulating layers made of a resin Is high and the separation 
of the bonding layers and the interiayer resin insulating layers does not occur to interfaces even if a heat cyde test is 
conducted. 

55 [0090] According to a further aspect, at least a part of a coating layer of the electrode of the capacitor is exposed and 
contained in the printed circuit board to thereby make the electrode exposed from the coating layer electrically connect- 
able. In this case, it is preferable that the metal exposed from the coating layer mainly consists of copper. This is because 
high connection characteristtos can be ensured and connection resistance can be reduced even If a metal layer is fonmed 
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by plating on the exposed nfietaL 

[0091] According to a further aspect, a chip capacitor having electrodes fomied inside of an outer edge thereof is 
employed. Due to this, even if continuity is established through the via hole, a large external electrode can be provided 
and the allowable range of alignment Is widened, so that connection defect can be eliminated. 
5 [0092] According to a further aspect, a capacitor having electrodes formed in a matrix is employed. Due to this, a large 
chip capacitor can be contained in the core substrate. Accordingly, capacitance can be increased and electrical problems 
can be, therefore, solved. Besides, even if going through various heat histories, the printed circuit board does.not warp 
so easily. 

[0093] According to a further aspect, a plurality of chip capacitors for providing many capacitors may be coupled to 
TO be employed as the capacHor. By doing so, it is possible to appropriately adjust capacitance and to appropriately operate 

the IC chip. 

[0094] According to a further aspect, a resin is filled between the core substrate and the capacitor, and the coefficient 
of thermal expansion of the resin is set lower than that of the core substrate. I.e., set closer to that of the capacitor made 
of ceramic. Due to this, even if an intemal stress resulting from the difference in the coefficient of themial expansion 
15 between the core substrate and the capacitor occurs in a heat cycle test, cracks, separation and the like less occur to 
the core substrate, thereby making it possible to attain high reliability. 

[0095] According to a further aspect, a printed circuit board manufacturing method is characterized by comprising at 
least the following steps (a) to (e) : 

^ (a) embedding a capacitor in a core substrate; 

(b) fomning a resin insulating layer on an upper surface of said capacitor, 

(c) fomning a relatively large lower-layer via hole connected to an electrode of said capacitor, in said resin insulating 
layer; 

(d) fomning an interiayer resin insulating layer on an upper surface of said core substrate; and 

25 (e) providing a plurality of relatively small upper-layer via holes connected to one said lower-layer via hole. In said 

interiayer resin insulating layer. 

[0096] According to a further aspect, a capacitor is included in the core substrate, a relatively large lower-layer via 
hole connected to a temiinal of the capacitor is fonned, and a plurality of relatively small upper-layer via holes connected 

30 to one the lower-layer via hole are provided in an interiayer resin insulating layer on an upper su rface of the core substrate. 
By doing so, it Is possible to connect the temninal of the capacitor to the lower-layer via even if the position at which the 
capacitor is provided is shifted, and it is possible to ensure the supply of power from the capacitorto the IC chip. Further, 
by providing a plurality of relatively small upper-layer via holes, it is possible to obtain the same effect as that of connecting 
inductances In parallel. Thus, the high frequency characteristics of power supply lines and ground lines are enhanced, 

35 thereby making it possible to prevent the malfunction of the IC chip due to lack of supply of power or the variation of 
earth level. Moreover, since the wiring length can be shortened, it is possible to reduce loop Inductance. 
[0097] According to a further aspect, one capacitor is contained in a concave portion fomned in the core substrate. 
Thus, the capacitor is arranged in the core substrate, so that the distance between the IC chip and the capacitor is 
shortened and It is possible to reduce the loop inductance of the printed circuit board. 

40 [0098] According to a further aspect, a plurality of capacitors are contained In the concave portion. Due to this, it Is 
possible to realize the high integration of capacitors. 

[0099] According to a further aspect, a through hole is fomned in a resin material containing a resin serving as a core 
material, and a resinmaterial is bonded to the resinmaterial in whk;h the through hole is formed, thereby forming a core 
substrate having a concave portion. Due to this, it is possible to fbmn a core substrate having a concave portion which 

^ has a flat base. 

[0100] According to a further aspect, a filled via hole having a flat surface is employed as the lower-layer via hole. 
Due to this, it is possible to directly connect a plurality of upper-layer via holes to one lower-layer via hole. Thus, it is 
possible to enhance the characteristk;s of the connecdon between the lower-layer via hole and the upper-layer via hole 
and to thereby ensure the supply of power from the capacitor to the IC chip. 

so [0101] According to a further embodiment, upper surfaces of the plurality of capacitors within the concave portion are 
pressed or struck from above, thereby making heights of the upper surfaces of the capacitors uniform. Accordingly, in 
providing a plurality of capacitors within the concave portion, the heights of the capacitors can be made uniform and the 
core substrate can be made smooth even if the sizes of the plural capacitors are uneven. Thus, it is possible to appro- 
priately form upper interiayer resin insulating layers and conductor circuits without hampering the smoothness of the 

^ core substrate, and, therefore, to decrease the probability of the occurrence of defective printed circuit boards. 


10 


EP 1 139 705 B1 

Brief Description of Drawings 
[0102] 

5 Fig. 1 is a diagram showing a process for manufacturing a printed circuit board according to the first embodiment 

of the present invention; 

Fig. 2 is a diagram showing a process for manufacturing the printed circuit board according to the first embodiment 
of the present invention; 

Fig. 3 is a diagram showing a process for manufacturing the printed circuit board according to the first embodiment 
10 of the present invention; 

Fig. 4 is a diagram showing a process for manufacturing the printed circuit board according to the first embodiment 
of the present Invention; 

Fig. 5 is a diagram showing a process for manufacturing the printed circuit board according to the first embodiment 
of the present invention; 

IS Fig. 6 is a diagram showing a process for manufacturing the printed circuit board according to the first embodiment 

of the present invention; 

Fig. 7 is a cross-sectional view of the printed circuit board according to the first embodiment of the present invention; 
Fig. 8 is a cross-sectional view showing a state in which an IC chip is mounted on the printed circuit board shown 
in Fig. 7 and that the printed circuit board is attached to a daughter board; 
^ Fig. 9 is a cross-sectional view showing a state in which an IC chip is mounted on a printed circuit board according 

to the first other example of the first embodiment according to the present invention; 

Fig. 10 is a diagram showing a process for manufacturing a printed circuit board according to the first modification 
of the first embodiment of the present invention; 

Fig. 1 1 is a cross-sectional view of the printed circuit board according to the first modification of the first embodiment 
25 of the present invention; 

Fig. 12 Is a graph showing the change of the voltage supplied to the IC chip relative to time; 

Fig. 13 is a cross-sectional view of a chip capacitor contained in the printed circuit board according to the first 

modification of the first embodiment; 

Fig. 1 4 is a plan view of chip capacitors contained in a printed circuit board according to the second modification of 
30 the first embodiment; 

Fig. 15 is a plan view of a chip capacitor contained In the printed circuit board according to the second modification 
of the first embodiment; 

Fig. 1 6 is a plan view of chip capacitors contained in the printed circuit board according to the second modification 
of the first embodiment; 

3$ Fig. 1 7 is a view showing a process for manufacturing a printed circuit board according to the second embodiment 

of the present invention; 

Fig. 1 8 is a view showing a process for manufacturing the printed circuit board according to the second embodiment 
of the present invention; 

Fig. 1 9 is a cross-sectional view of the printed circuit board according to the second embodiment of the present 

40 Invention; 

Fig. 20 is a cross-sectional view showing a state in which an IC chip is mounted on the printed circuit board shown 
in Fig. 1 9 and that the printed circuit board is attached to a daughter board; 

Fig. 21 Is a view showing a process for manufacturing the printed circuit board according to the second embodiment 
of the present invention; 

^ Fig. 22 is a view showing a process for manufacturing the printed circuit board according to the second embodiment 

of the present invention; 

Fig. 23 is a cross-sectionai view showing a state in which an IC chip is mounted on the printed circuit board according 
to the second embodiment of the present invention; 

Fig. 24 is a cross-sectional view showing a state in which an IC chip is mounted on a printed circuit board according 
50 to a modification of the second embodiment of the present invention; 

Fig. 25 is a view showing a process for manufacturing a printed circuit board according to the third embodiment of 

the present invention; 

Fig. 26 is a view showing a process for manufacturing the printed circuit board according to the third embodiment 
of the present invention; 

55 Fig. 27 is a view showing a process for manufacturing the printed circuit board according to the third embodiment 

of the present invention; 

Fig. 28 is a view showing a process for manufacturing the printed circuit board according to the third embodiment 
of the present Invention; 
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Rg. 29 is a view showing a process for manufacturing the printed circuit board according to the third enr^bodiment 
of the present invention; 

Fig. 30 is a cross-sectional view of the printed circuit board according to the third embodiment of the present invention; 
Rg. 31 is a cross-sectional view showing a state in which an IC chip is mounted on the printed circuit board shown 
in Fig. 30 and that the printed circuit board is attached to a daughter board; 

Fig. 32 is a cross-sectional view showing a state in which an IC chip is mounted on a printed circuit board according 
to a modification of the third embodiment of the present invention; 

Fig. 33 is a view showing a process for manufacturing a printed circuit board according to the first modification of 
the third embodiment of the present invention; 

Fig. 34 is a view showing a process for manufacturing the printed circuit board according to the first modification of 
the third embodiment of the present invention; 

Fig. 35 Is a view showing a process for manufacturing the printed circuit board according to the first modification of 
the third embodiment of the present invention; 

Fig. 36 is a cross-sectional view of the printed circuit board according to the first modification of the third embodiment 
of the present invention; 

Fig. 37 is a view showing a process for manufacturing a printed circuit board according to the fourth embodiment 
of the present invention; 

Fig. 38 is a view showing a process for manufacturing the printed circuit board according to the fourth embodiment 
of the present invention; 

Fig. 39 is a view showing a process for manufacturing the printed circuit board according to the fourth embodiment 
of the present invention; 

Fig. 40 is a view showing a process for manufacturing the printed circuit board according to the fourtii embodiment 
of the present invention; 

Fig. 41 is a view showing a process for manufacturing the printed circuit board according to ttie fourth embodiment 
of the present invention; 

Fig. 42 is a cross-sectional view of the printed circuit board according to ttie fourth embodiment of the present 

invention; 

Rg. 43 is a cross-sectional view showing a state in which an IC chip is mounted on the printed circuit board acconiing 
to the fourth embodiment of the present invention; 

Fig. 44(A) is an enlarged view of a via hole 660 shown in Fig. 42 and Rg. 44 (B) is a view seen from an an-ow B of 
Rg.44(A); 

Rg. 45 is a view showing a process for manufacturing a printed circuit board according to the first modification of 
ttie fourth embodiment of the present invention; 

Fig. 46 is a view showing a process for manufacturing ttie printed circuit board according to the first modification of 
ttie fourth embodiment of the present invention; 

Fig. 47 is a view showing a process for manufacturing ttie printed circuit board according to the first modification of 
the fourtti embodiment of the present Invention; 

Rg. 48 is a view showing a process for manufacturing the printed circuit board according to the first modification of 
the fourth embodiment of the present invention; 

Rg. 49 is a view showing a process for manufacturing tiie printed circuit board according to the first modification of 
tile fourth embodiment of the present Invention; 

Fig. 50 is a view showing a process for manufacturing tiie printed circuit board according to the first mod"ification of 
ttie fourth embodiment of ttie present invention; 

Fig. 51 is a view showing a process for manufacturing ttie printed circuit board according to the first modification of 
the fourth embodiment of the present invention; 

Fig. 52 Is a cross-sectional view showing a state in which an IC chip is mounted on the printed circuit board according 
to the first modification of the fourth embodiment of the present invention; and 

Rg. 53 is a cross-sectional view showing a state In which an IC chip is mounted on the printed circuit board according 
to the second modification of the fourth embodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[First Embodiment] 

[0103] The embodiments of the present invention will be described hereinafter with reference to the accompanying 
drawings. 

[0104] Rrst, the constitution of a printed circuit boand according to tiie finst embodiment of the present invention will 
be described with reference to Rgs. 7 and 8. Rg. 7 is a cross-sectional view of a printed circuit board 10 and Rg. 8 
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shows a state In which an IC chip 90 is mounted on the printed circuit board 10 shown In Fig. 7 and that the printed 
circuit board 10 is attached to a daughter board 95. 

[0105] As shown in Rg. 7, the printed circuit board 10 consists of a core substrate 30 containing a plurality of chip 
capacitors 20 and buildup wiring layers 80A and SOB. Each of the buildup wiring layers 80A and SOB consists of a resin 
layer 40 and interiayer resin insulating layers 140 and 141. Conductor circuits 58 and via holes 60 are fomried on the 
upper resin layer 40. Conductor circuits 158 and via holes 160 are formed on each of the upper and tower interiayer 
resin insulating layers 1 40. Conductor circuit 1 59 and via holes 1 64 are fomned on each of the upper and lower interiayer 
resin Insulating layers 141 . Solder resist layers 70 are fomied on the interiayer resin insulating layers 1 41 , respectively. 
The buildup wiring layers BOA and SOB are connected to each other by way of through holes 66 formed in the core 
substrate 30. 

[01 06J Each of the chip capacitors 20 consists of the first electrode 21 , the second electrode 22 and a dielectric 23 
put between the first and second electrodes as shown in Rg. 7. A pjurality of pairs of first conductive films 24 connected 
to the first electrode 21 side and second conductive films 25 connected to the second electrode 22 side are anranged 
on the dielectric 23 to face one another. 

[01 07) As shown in Rg. 8, solder bumps 76U to be connected to the pads 92P1 and 92P2 of the IC chip 90 are formed 
on the upper buildup wiring layer 80A. Solder bumps 76D to be connected to the pads 94P1 and 94P2 of the daughter 
board 95 are fomried on the lower buildup wiring layer 808. 

[0108) The grounding pad 92P1 of the IC chip 90 is connected to the first electrode 21 of the con-esponding chip 
capacitor 20 through the bump 76U - the conductor circuit 159 - the via hole 164 - the conductor circuit 158 - the via 
hole 1 60 - the conductor dncurt 58 - the via hole 60. The grounding pad 94P1 of the daughter board 95 is connected to 
the first electrode 21 of the con-esponding chip capacitor 20 through the bump 76D - the via hole 164 - the conductor 
circuit 1 58 - the via hole 1 60 - the through hole 56 - the conductor circuit 58 - the via hole 60. 

[0109] The power supply pad 92P2 of the IC chip 90 is connected to the second electrode 22 of the con^sponding 
chip capacitor 20 through the bump 76U - the via hole 164 - the conductor circuit 158 - the via hole 160 - the conductor 
circuit 1 58 - the via hole 60. The power supply pad 94P2 of the daughter board 95 is connected to the second electrode 
22 of the corresponding chip capacitor 20 through the bump 76D - the via hole 164 - the conductor circuit 158 - the via 
hole 1 60 - the through hole 56 - the via hole 60. Signal pads of the IC chip are, though not shown, connected to signal 
pads of the daughter board through the conductor circuits of the printed circuit board, the via holes and the through 
holes, respectively. 

[0110] As shown in Rg. 7, the core substrate 30 in this embodiment consists of the first resin substrate 30a having 
conductive pad sections 34 for connecting the chip capacitors 20 fomried on one side, the second resin substrate 30b 
connected to the first resin substrate 30a through a bonding resin layer {bonding plate) 38a and the third resin substrate 
30c connected to the second resin substrate 30b through a bonding resin layer (bonding plate) 38b. An opening 30B 
capable of containing the chip capacitors 20 is formed in the second resin substrate 30b. 

[0111] By forming the opening, the chip capacitors 20 can be contained in the core substrate 30. Due to this, the 
distance between the IC chip 90 and the chip capacitors 20 Is shortened to thereby reduce the loop inductance of the 
printed circuit board 10. Besides, since the first resin substrate 30a, the second resin substrate 30b and the third resin 
substrate 30c are provided in a laminated manner, the core substrate 30 can obtain sufficient strength. Further, since 
the core substrate 30 is constituted smoothly by providing the first substrate 30a and the third substrate 30c on the both 
sides of the core substrate 30. respectively, the resin layers 40, 1 40 and 1 41 and the conductor circuits 58, 1 58 and 1 59 
can be formed on the core substrate 30 appropriately and the probability of the occun-ence of defective printed circuit 
boards can be thereby decreased. 

[0112] Moreover, in this embodiment, as shown in Fig. 1(D), an insulating bonding agent 33 is interposed between 
the first resin substrate 30a and each chip capacitor 20. Here, the coefficient of the thennal expansion of the bonding 
agent 33 is set lower than that of the core substrate 30, i.e., set close to that of the chip capacitors 20 made of ceramic. 
Due to this, even if an internal stress resulting from the difference in the coefficient of thermal expansion among the core 
substrate, the bonding layers 40 and the chip capacitors 20, occurs in a heat cyde test, cracks, separation and the like 
less occur to the core substrate, making it possible to attain high reliability. It is also possible to prevent the occun-ence 
of migration. 

[01 13] A method of manufacturing the printed circuit board described above with reference to Rg. 7 will be described 
with reference to Figs. 1 to 7. 

(1) A copper-clad laminated plate having a copper foil 32 laminated on one side of the first resfn substrate 30a having 
a core having a thfckness of 0.1 mm and made of glass cloth or the like whfch a BT (Bismaleimide-Triazine) resin is 
impregnated into and hardened in, is employed as a starting material (Fig. 1(A)). 

Next, the copper foil 32 side of the copper-clad laminated plate is etched into a pattern, thereby forming conductive pad 
sections 34 on one side of the first resin substrate 30a (Rg. 1 (B)). 

It is noted that a substrate made of ceramic or AIN cannot be used as the core substrate. This is because such a substrate 
has poor woricability for the outside shape thereof, sometimes cannot contain capacitors and has gaps even if filled with 
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a resin. 

(2) Then, using a printer, an bonding nnaterial 36 such as a solder paste or a conductive paste is applied onto the 
conductive pad sections 34 (Fig. 1 (C)). The pad sections 34 niay be subjected to potting In addition to the application 
of the bonding material. As the solder paste, one of Sn/Pb, Sn/Sb, Sn/Ag and Sn/Ag/Cu can be employed. Then, resin 

5 filler 33 is provided between the conductive pads 34 (Rg. 1 (D)). By doing so, it is possible to fill the gaps between chip 
capacitors 20 and the first resin substrate 30a to be described later. Next, a plurality of chip capacitors 20 made of 
ceramic are disposed on the conductive pad sections 34 and connected to the conductive pad sections 34 through the 
bonding material 36 (Rg. 2(A)). Either one or a plurality of chip capacitors 20 may be employed; however, if a plurality 
of chip capacitors 20 are employed, the high integration of capacitors can be realized. 

10 (3) Next, resin layers for bonding (bonding resin layers) 38a and 38b each having a core made of glass cloth or the like 
and impregnated with an epoxy resin as well as the second resin substrate 30b (having a thickness of 0.4 mm) and the 
third resin substrate 30c (having a thfckness of 0,1 mm) each having a core made of glass cloth or the like which a BT 
resin is impregnated into and hardened in, are prepared. Through holes 38A and SOB capable of containing the chip 
capacitors 20 are fomned in the bonding resin layer 38a and the second resin substrate 30b, respectively. Rrst, the 

IS second resin substrate 30b Is mounted on the third resin substrate 30c through the bonding resin layer 38b. Next, the 
first resin substrate 30a is inverted and mounted on the second resin substrate 30b through the bonding resin layer 38a 
Namely, the first resin substrate 30a is superposed on the second resin substrate 30b so that the chip capacitors 20 
connected to the first resin substrate 30a can be directed toward the bonding resin layer 38a side and can be contained 
in the through holes formed in the second resin substrate 30b (Rg. 2(B)). By doing so, the chip capadtors 20 can be 

20 contained in the core substrate 30 and the printed circuit board having reduced loop inductance can be provided. 

(4) The superposed substrates are pressurized using a thermal press, thereby integrating the first, second and third 
resin substrates 30a, 30b and 30c in a multilayer manner and fomning the core substrate 30 having a plurality of chip 
capacitors 20 (Rg. 2(C)). First, by pressurizing the substrates, the epoxy resin (insulating resin) is pushed outside of 
the bonding resin layers 38a and 38b and the gaps between the opening 30B and the chip capacltore 20 are filled with 

25 the resin. Further, since the substrates are pressurized and, at the same time, heated, the epoxy resin Is hardened and 
the first resin substrate 30a, the second resin substrate 30b and the third resin substrate 30c are fixedly bonded to one 
another by interposing the bonding resin layers 38a and 38b as bonding resin. In this embodiment, the gaps within the 
opening 30B are filled with the epoxy resin flowing out of the bonding resin layers. Alternatively, filler can be provided 
in the opening 30B. 

30 Since the both sides of the core substrate 30 are the first resin substrate 30a and the third resin substrate 30c which 
are smooth, respectively, the resin layer 40 and the conductor circuits 58 can be appropriately fonned In steps to be 
described later without damaging the smoothness of the core substrate 30 and the probability of the occurrence of 
defective printed circuit boards can be decreased. Further, the core substrate 30 can obtain sufficient strength. 

(5) Thennosetting epoxy resin sheets to be described later are laminated by vacuum pressing onto the substrate 30 
35 which has been subjected to the above-stated steps, at a pressure of 5 kg/cm^ while raising temperature to 50 to 1 SO'C 

to thereby provide Interiayer resin insulating layers 40 (Fig. 2 (D)). The degree of vacuum during vacuum pressing Is 10 
mmHg. 

(6) Next, openings 42 for via holes reaching the conductive pad sections 34 are fonned in the Interiayer resin insulating 
layer 40 at the first resin substrate 30a side and the first resin substrate 30a by applying laser (Fig. 3(A)). 

^ (7) Then, penetrating holes 44 for through holes are formed in the core substrate 30 by drilling or applying laser (Rg. 3 
(B)). Thereafter, a de-smear process is perfonned using oxygen plasma. Alternatively, a de-smear process using chem- 
cals such as permanganate may be perfomied. 

(8) Using SV-4640 manufactured by ULVAC JAPAN, Ltd. , a plasma process is perfonmed to form rough surfaces 46 
on the entire surfaces of the core substrate 30. The plasma process is performed for two minutes while using, as inert 

45 gas, argon gas on conditions of power of 200 W, a gas pressure of 0.6 Pa and a temperature of 70**C. Then, sputtering 
is perfonned with Ni and Cu as targets and Ni-Cu metal layers 48 are fonned on the surfaces of the interiayer resin 
insulating layers 40, respectively (Rg. 3(C)). While sputtering is employed herein, metal layers of copper, nickel or the 
like may be fomied by electroless plating. In some cases, after perfomiing sputtering, electroless plated films may be 
fonned. A roughing process may be perfomned using an acid or an oxidizer. The rough layers are preferably 0.1 to 5 

50 jun thick. 

(9) Next, photosensitive dry films are bonded to the surfaces of the Ni-Cu metal layers 48 and exposure and development 
processes are performed while mounting masks, thereby forming resists 60 each having a predetemnined pattem (Rg. 
3(D)). The core substrate 30 is immersed in an electroplating solution, cunrent Is applied to the core substrate 30 through 
the Ni-Cu metal layers 48 and electroplating Is conducted to portions in which the resists 50 are not formed on the 

55 following conditions, thereby forming electroplated films 52 (Rg. 4(A)). 


14 


EP 1 1 39 705 


Page 15 of 98 




EP 1 139 705 B1 
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[Electroplating Solution] 
Sulfuric acid 
Copper sulfate 
Additive (Kaparacid HL 
manufactured by Atotecli Japan 


2.24 mow 
0.26 mol// 
19.5 mol// 


10 


[Electroplating Conditions] 
Current density 1 A/dm^ 


Duration 120 minutes 

temperature 22±2'*C 


IS CO) After separating and removing the resists 50 with 5% NaOH, the Ni-Cu metal layers 48 under the resists 50 are 
dissolved and removed by etching with a solution mixture of a nitric acid, a sulfuric acid and hydrogen peroxide, thereby 
fomiing through holes 58 and conductor circuits 58 (including via holes 60) each consisting of the Ni-Cu metal layer 
48 and the electroplated film 52 and having a thickness of 1 6 \im. After washing and drying the resultant substrate, an 
etching solution is sprayed on the both sides of the substrate and the surfaces of the through holes 56 and the conductor 

20 circuits 58 (including the via holes 60) are etched, thereby forming rough layers 62 on the entire surfaces of the through 
holes 56 and the conductor circuits 58 (including the via holes 60) (Fig.4(B)). As the etching solution, a mbrture of 10 
parts by weight of an imidazole copper (II) complex, 7 parts by weight of a glycolic acid. 6 parts by weight of potassium 
chloride and 78 parts by weight of ion-exchange water is employed. 

(11 ) Resin filler 64 mainly consisting of an epoxy resin is filled in the through holes 56, and heated and dried (Rg. 4 (C)). 
25 C^) Then, the themnosetting epoxy resin sheets used in-the step of (5) are laminated on the substrate by vacuum 
pressing at a pressure of 5 kg/cm2 while raising temperature to 50 to 1 50X, thereby providing interiayer resin insulating 
layers 140 (Rg. 4 (D). The degree of vacuum during vacuum pressing is 10 mmHg. 

(13) Openings 142for via holes are then formed in the interiayer resin insulating layers 140 by applying laser (Fig. 5(A)). 

(14) Thereafter, by repeating the steps of (8) to (10), conductor circuits 158 (Including via holes 160) each consisting 
go of the Ni-Cu metal layer 1 48 and the electroplated film 1 52 and having a thickness of 1 6 p,m, and rough surfaces 158a 

are fonned on each of the interiayer resin insulating layers 140 (Fig. 5 (B)). 

(1 5) By further repeating the steps of (1 2) to (14), interiayer resin insulating layers 141, conductor circuits 1 69 (including 
via holes 1 64) and rough surfaces 1 59a are fomied further above (Rg. 5(C)). 

(16) Next, 46. 67 parts by weight of oligomer (having a molecular weight of 4000) which is obtained by fomiing 50% 
35 of epoxy groups of 60 wt% cresol novolac epoxy resin (manufactured by Nippon Kayaku Co.. Ltd.) dissolved in dieth- 

ylene glycol dimethyl ether (DMDG) into an acrylic structure and which imparts photosensitive characteristic, 15 parts 
by weight of 80 wt% bisphenol A epoxy resin (Epicoat 1001 manufactured by Yuka Shell) dissolved in methyl ethyl 
ketone, 1 . 6 parts by weight of an Imidazole hardening agent (2E4MZ-CN manufactured by Shikoku Chemicals Corp.), 

3 parts by weight of polyhydric acrylic monomer which is photosensitive monomer (R604 manufactured by Kyoei Chem- 
40 teal), 1 .5 parts by weight of polyhydric acrylte monomer (DPE6A manufactured by Kyoei Chemical) and 0.71 parts by 

weight of a dispersing defomning agent (8-65 manufactured by SANNOPCO) are put in a container, stirred and mixed 
with one another to prepare a mixture composition. Then, 2.0 parts by weight of benzophenone (manufactured by 
KANTO KAGAKU) serving as a photoinitiator and 0.2 parts by weight of Michler's ketone (manufactured by KANTO 
KAGAKU) serving as a photosensitizer are added to the resultant mbrture, thereby obtaining a solder resist composition 
45 (organic resin insulating material) having a viscosity adjusted to 2.0 Pa*s at 25X. 

The viscosity is measured by a B-type viscometer (DVL-B type manufactured by Tokyo Keiki Co., Ltd.) with a rotor No. 

4 for 60 rpm and a rotor No. 3 for 4.6 rpm. 

(1 7) Next, the said solder resist composition is applied to each side of the substrate 30 to have a thickness of 20 yjn 
and dried at 70X for 20 minutes and 70 ^'C for 30 minutes. Thereafter, while photomasks each of whfch has a thfckness 

50 of 5 mm and on which the pattern of solder resist opening portions are drawn, are made hemnetic contact with the 
solder resist layers 70, respectively, exposed to ultraviolet rays of 1000 mJ/cm^, devetoped with a DMTG solution, 
thereby forming openings 71 U and 71 D (Rg. 6(A)). 

(18) Then, the substrate on which the solder resist layers (organte resin Insulating layers) 70 have been fomied are 
immersed in an electroless nickel plating solution containing ntekel chloride (2.3 x 10-^ mol/0, sodium hypophosphite 

55 (2.8 X 10-1 mol/0 and sodium dtrate (1.6 X 10-i moVI) and having a pH of 4.5 for 20 minutes to fomri nfckel plated 
layers 72 each having a thickness of 5 jun, on the opening portions 71 U and 71 D, respectively. Further, the substrate 
is immersed In an electroless plating solution containing potassium gold cyanide (7.6 x i o-^ moI/0, ammonium chloride 
(1.9 X 10-^ mol/^, sodium citrate (1.2 x 10"^ mol/^ and sodium hypophosphite (1.7 x 10-^ mol/i) on conditions of 80 
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for 7.5 minutes to form gold plated layers 74 each having a thickness of 0.03 jun, on the nickel plated layers 72, 
respectively (Fig. 6(B)). 

(19) Thereafter, a solder paste is printed on each of the openings 71 U and 71D of the solder resist layers 70 and a 
reflow process is conducted at 200*C, thereby forming solder bumps (solder bodies) 76U and 76D. Consequently, it 
is possible to obtain the printed circuit board 1 0 having the solder bumps 76U and 76D (Rg. 7). 
[0114] Next, description will be given to the mounting of the IC chip 90 on the printed circuit board 10 completed 
through the above-stated steps and to the attachment of the printed circuit board 10 to the daughter board 95, with 
reference to Fig. 8. The IC chip 90 is mounted on the printed circuit board 10 thus completed so that the solder pads 
92P1 and 92P2 of the IC chip 90 correspond to the solder bumps 76U of the printed circuit board 1 0 and a reflow process 
is perfomfied, thereby attaching the IC chip 90 to the printed circuit board 10. Likewise, a reflow process is performed 
so that the pads 94P1 and 94 P2 of the daughter board 95 con-espond to the solder bumps 76D of the printed circuit 
board 10, thereby attaching the printed circuit board 10 to the daughter board 95. 

[0115] The above-stated resin films contain a refractory resin, soluble particles, a hardening agent and other compo- 
nents, each of which will be described hereinafter. 

[0116J The resin films employed in the manufacturing method of the present invention have partfcles soluble in an 
acid or an oxidizer (to be referred to as 'soluble partfcles" hereinafter) which particles are dispersed in a resin refractory 
to the acid or the oxidizer (to' be refen^ed to as "refractory resin' hereinafter). 

[0117] The expressions 'refractory' and 'soluble' will now be described. When materials are Immersed In solution 
composed of the same acid or the same oxidizers for the same time, a material of a type whtoh is dissolved at a relatively 
high dissolving rate is called a 'soluble' material for convenience. A material of atype which is dissolved at a relatively 
slow dissolving rate is called a 'refractory material" for convenience. 

[0118] The soluble partteles are exemplified by resin particles which are soluble in acid or an oxidizer (hereinafter 
called 'soluble resin particles'), inorgante particles which are soluble in acid or an oxidizer (hereinafter called 'inorgante 
soluble particles') and metal particles which are soluble In acid or an oxidizer (hereinafter called 'soluble metal particles'). 
The foregoing soluble particles may be employed solely or two or more particles may be employed. 
[01 19] The shape of each of the soluble partteles is not limited. The shape may be a spherical shape or a pulverized 
shape. It is preferable that the particles have a un'rform shape. The reason for this lies In that a rough surface having 
unlfonnly rough pits and projections can be fomned. 

(01 20] It is preferable that the mean particle size of the soluble partfcles is 0.1 jtm to 1 0 jun. When the particles have 
the diameters satisfying the foregoing nange, partk:les having two or more particle sizes may be employed. That is. 
soluble particles having a mean particle size of 0.1 mJti to 0.5 ixm and soluble particles having a mean particle size of 1 
Jim to 3 n, mm may be mixed. Thus, a more complicated rough surface can be formed. Moreover, the adhesh^eness 
with the conductor circuit can be improved. In the present invention, the partfele size of the soluble particles is the length 
of a longest portion of each of the soluble particles. 

[0121] The soluble resin particles may be particles constituted by themiosetting resin or thermoplastic resin. When 
the particles are immersed in solution composed of acid or an oxidizer, the particles must exhibit dissolving rate higher 
than that of the foregoing refractory resin. 

[0122] Specifically, the soluble resin particles are exemplified by particles constituted by epoxy resin, phenol resin, 
phenoxy resin, polyimide resin, polyphenylene resin, polyolefin resin or fluorine resin. The foregoing material may be 
employed solely or two or more materials may be mixed. 

[01 23] The soluble resin particles may be resin particles constituted by rubber. Rubber above Is exempfified by polyb- 
utadiene rubber, a variety of denatured polybutadiene rubbers, such as denatured epoxy rubber, denatured urethane 
rubber or denatured (metha) acrylonitrile rubber, and (metha) acrylonitrile butadiene mbber containing a cart)oxylic 
group. When the foregoing rubber material is employed, the soluble resin particles can easily be dissolved in acid or an 
oxidizer. That is, when the soluble resin particles are dissolved with acid, dissolution Is permitted with acid except for 
strong acid. When the soluble resin particles are dissolved, dissolution is pennitted with pemianganate which has a 
relatively weak oxidizing power. When chromic acid is employed, dissolution is pennitted even at a low concentration. 
Therefore, retention of the acid or the oxidizer on the surface of the resin can be prevented. When a catalyst, such as 
palladium chloride, is supplied after the rough surface has been formed as described later, inhibition of supply of the 
catalyst and oxidation of the catalyst can be prevented. 

[01 24] The inorganic soluble particles are exemplified by particles made of at least a material selected from a group 
consisting of an aluminum compound, a calcium compound, a potassium compound, a magnesium compound and a 
silicon compound. 

[0125] The aluminum compound is exemplified by alumina and aluminum hydroxide. The calcium compound is ex- 
emplified by calcium cart}onate and cateium hydroxide. The potassium compound is exemplified by potassium carbonate. 
The magnesium compound is exemplified by magnesia, dolomite and basic magnesium cart)onate. The silicon compound 
is exemplified by silica and zeolite. The foregoing material may be employed solely ortwo or more materials may be mixed. 
[0126J The soluble metal particles are exemplified by particles consdtuted by at least one material selected from a 
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group consisting of copper, niclcel, iron, zinc, lead, gold, silver, alunninum, magnesium, potassium and silicon. The soluble 
metal particles may have surfaces coated with resin or the like in order to maintain an insulating characteristic. 
[01 27] When two or more types of the soluble particles are mixed, it Is preferable that the combination of the two types 
of soluble particles is a combination of resin particles and inorganic particles. Since each of the particles has low 
5 conductivity, an insulating characteristic with the resin film can be maintained. Moreover, the thermal expansion can 
easily be adjusted with the refractory resin. Thus, occurrence of a crack of the Intertayer resin insulating layer constituted 
by the resin film can be prevented. Thus, separation between the Interiayer resin Insulating layer and the conductor 
circuit can be prevented. 

[0128] The refractory resin is not limited when the resin is able to maintain the shape of the rough surface when the 
^0 rough surface is fomned on the interiayer resin insulating layer by using acid or oxidizer. The refractory resin is exemplified 
by themnosetting resin, themnoplastic resin and their composite material. As an alternative to this, the foregoing photo- 
sensitive resin of a type having photosensitive characteristic imparted thereto may be employed. When the photosensitive 
resin is employed, exposure and development processes of the intertayer resin insulating layers can be performed to 
fonn the openings for the via. 

15 [0129] In partteular, it is preferable that the resin containing thennosetting resin is employed. In the foregoing case, 
the shape of the rough surface can be maintained against plating solution and when a variety of heating processes are 
perfomned. 

[01 30] The refractory resin is exerhplified by epoxy resin, phenol resin, phenoxy resin, polyimide resin, polyphenylene 
resin, polyolefin resin and fluorine resin. The foregoing material may be employed solely or two or more types of the 

20 materials may be mixed. 

[0131] It is preferable that epoxy resin having two or more epoxy groups in one molecule thereof is employed. The 
reason for this lies in that the foregoing rough surface can be fonned. Moreover, excellent heat resistance and the like 
can be obtained. Thus, concentration of stress onto the metal layer can be prevented even under a heat cycle condition. 
Thus, occurrence of separation of the metal layer can be prevented. 

25 [0132] The epoxy resin is exemplified by cresol novolac epoxy resin. blsphenol-A epoxy resin, bisphenol-F epoxy 
resin, phenol novolac epoxy resin, alkylphenol novolac epoxy resin, biphenol-F epoxy resin, naphthalene epoxy resin, 
dicyclopentadiene epoxy resin, an epoxy material constituted by a condensation material of phenol and an aromatk: 
aldehyde having a phenol hydroxyl group, triglycidyl isocyanurate and alicyclic epoxy resin. The foregoing material may 
be employed solely or two or more material may be mixed. Thus, excellent heat resistance can be realized. 

30 [0133] It is preferable that the soluble partrcles in the resin film according to the present Invention are substantially 
uniformly dispersed in the refractory resin. The reason for this lies in that a rough surface having unifomi pits and 
projections can be formed. When via and through holes are formed in the resin film, adhesiveness with the metal layer 
of the conductor circuit can be maintained. As an altemative to this, a resin film containing soluble particles in only the 
surface on which the rough surface is fomied may be employed. Thus, the portions of the resin film except for the surface 

35 is not exposed to acid or the oxidizer. Therefore, the insulating characteristic between conductor circurts through the 
interiayer resin Insulating layer can reliably be maintained. 

[0134] It Is preferable that the amount of the soluble particles which are dispersed in the refractory resin is 3 wt% to 
40 wt% with respect to the resin film. When the amount of mixture of the soluble particles is lower than 3 wt%, the rough 
surface having required pits and projections cannot be formed. When the amount is higher than 40 wt%, deep portions 
^ of the resin film are undesirably dissolved when the soluble particles are dissolved by using acid or the oxidizer. Thus, 
the Insulating characteristic between the conductor circuits through the Interiayer resin Insulating layer constituted by 
the resin film cannot be maintained. Thus, short circuit is sometimes Is caused to occur. 

[01 35] It Is preferable that the resin film contains a hardening agent and othercomponents as well as the refractory resin. 
[0136] The hardening agent is exemplified by an Imidazole hardening agent, an amine hardening agent, a guanidine 
45 hardening agent, an epoxy adduct of each of the foregoing hardening agents, a microcapsule of each of the foregoing 
hardening agents and an organto phosphine compound, such as triphenylphosphlne or tetraphenyl phosphontum tetra- 
phenyl borate. 

[0137] It is preferable that the content of the hardening agent Is 0.05 wt% to 10 wt% with respect to the resin film. 
When the content is lower than 0.05wt%, the resin filmcannot sufficiently be hardened. Thus, introduction of acid and 

so the oxidizer into the resin film occurs greatly. In the foregoing case, the insulating characteristk) of the resin film sometimes 
deteriorates. When the content is higher than 10 wt%, an excessively large quantity of the hardening agent component 
sometimes denatures the composition of the resin. In the foregoing case, the reliability sometimes deteriorates. 
[0138] The other components are exemplified by an Inorganic compound which does not exert an influence on the 
formation of the rough surface and a filler constituted by resin. The inorganic compound is exemplified by silica, alumina 

S5 and dolomite. The resin is exemplified by polyimide resin, polyacrylic resin, polyamideimide resin, polyphenylene resin, 
melanine resin and olefin resin. When any one of the foregoing fillers is contained, confonmity of the thermal expansion 
coefficients can be established. Moreover, heat resistance and chemical resistance can be improved. As a result, the 
performance of the printed circuit board can be improved. 
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[0139] The resin film may contain solvent. The solvent is exemplified by ketone, such as acetone, methylethylketone 
or cyclohexane; aromatic hydrocarbon, such as ethyl acetate, butyl acetate, cellosolve acetate, toluene or xylene. The 
foregoing material may be employed solely or two or more materials may be mixed. 

5 [First Other Example of Rrst Embodiment] 

[01 40] A printed circuit board according to the first other example of the first embodiment of the present invention will 
be described hereinafter with reference to Rg. 9. The printed circuit board in the first other example of the first embodiment 
is almost the same as the printed circuit.board in the first embodiment stated above. However, in the printed circuit board 
10 in the first other example, conductive connection pins 96 are provided at the printed circuit board and the printed circuit 
is connected to a daughter board through the conductive connection pins 96. 

[0141] Further, in the first embodiment stated above, only the chip capacitors 20 contained in the core substrate 30 
are provided. I n this example, mass storage chip capacitors 86 are mounted on the front and reverse sides of the substrate. 
[0142] The IC chip momentarily consumes high power and perfomis complex arithmetic operation. In the first other 

IS example, to supply high power to the IC chip, chip capacitors 20 and chip capacitors 86 for power supply are provided. 
The advantage derived from these chip capacitors will be described with reference to Fig. 1 2. 
[01 43] Fig. 1 2 is a graph with a vertical axis indicating voltage supplied to the IC chip and a horizontal axis indteating 
time. In Fig. 12, two-dot chain line C denotes the voltage variation of a printed circuit board which is not provided with 
power supply capacitors. If power supply capacitors are not provided, voltage attenuates greatly. A broken line A denotes 

20 the voltage variation of a printed circuit board having chip capacitors mounted on the surfaces thereof. Compared with 
the two-dot chain line C, voltage does not drop greatly. However, since loop length is larger, rate-controlled power supply 
cannot be conducted sufficiently. Namely, at the start of the supply of power, voltage fails. Further, a chain dotted line 
B denotes the voltage drop of a printed circuit board including the chip capacitors described above with reference to 
Fig. 8. In this case, loop length can be shortened; however, mass storage chip capacitors cannot be contained in a core 

25 substrate 30 and voltage, therefore, varies. Here, a solid line E denotes the voltage variation of the printed circuit board 
in the first other example which printed circuit board has the chip capacitors 20 mounted in the core substrate and the 
mass storage chip capacitors 86 mounted on the surfaces thereof. Voltage variation is minimized by providing the chip 
capacitors 20 and the mass storage chip capacitors 86 (having relatively high inductance) in the vicinity of the IC chip. 

30 [First Modification of First Embodiment] 

[01 44] Next, a printed circuit board according to the first modifteation of the first embodiment of the present invention 
will be described with reference to Fig. 1 1 . 

[01 45] The printed circuit board in the first modification is almost the same in constitution as the printed circuit board 
35 in the above-stated first embodiment However, in the printed' circuit board 1 4 in the first modification, conductor circuits 
35 are fomned on one side of the first resin substrate 30a and the third resin substrate 30c, and conductor circuits 37 
are fonmed on the both sides of the second resin substrate 30b provided with an opening 30B for containing chip 
capacitors 20. In the first embodiment, the conductor circuits 35 are formed on one side of the first resin substrate 30a 
and the third resin substrate 30c and the conductor circuits 37 are formed on the both sides of the second resin substrate 
40 30b. Due to this, it is possible to advantageously increase wiring density and advantageously reduce the number of 
interiayer resin insulating layers to be built up. 

[01 46] Furthermore, as shown in Fig. 1 3 (A), in the chip capacitor 20 of the printed circuit board in the first modification, 
after the coating layer (not shown) of the first and second electrodes 21 and 22 are completely separated, the first and 
second electrodes 21 and 22 are coated with copper plated films 29. The first and second electrodes 21 and 22 each 

45 coated with the copper plated film 29 are electrically connected to each other by a via hole 50 made of a copper plated 
material. Here, the electrodes 21 and 22 of the chip capacitor are made by metalization and have irregularities on the 
surfaces thereof. In the first modification, since the surfaces of the first and second electrodes 21 and 22 are smoothed 
by the copper plated filnns 29. no migration occurs to thereby cause no disadvantage to the electrodes of the capadtor. 
[01 47] The copper plated films 29 are provided after the nickel / tin layer (coating layer) coated on the surface of each 

so metal layer 26 in a phase of nianufacturing chip capacitors 20 is separated in a phase of mounting the chip capacitors 
on the printed circuit board. Alternatively, the copper plated films 29 can be directly coated on the metal layers 26 in the 
phase of manufacturing the chip capacitors 20. Namely. In the first modification, as in the case of the first embodiment, 
after openings reaching the copper plated films 29 of the electrodes are provided by applying laser, a de-smear process 
IS perfomied to thereby fonm via holes by copper plating. Accordingly, even if an oxide film is formed on the surface of 

ss the copper plated film 29. the oxide film can be removed by the laser and de-smear processes, thereby making it possible 
to establish connection appropriately. 

[01 48] As shown in Rg. 1 3 (B). it is also possible to employ the first and second electrodes 21 and 22 of the capacitor 
20 while removing part of the coats 28 of the electrodes 21 and 22. This Is because connection characteristtes can be 
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enhanced by exposing the first and second electrodes 21 and 22. 

[01 49] Further, rough layers 23a are provided on the surfaces of a dielectric 23 of the chip capadtor 20 which dielectric 
is made of ceramic. Due to this, the adhesiveness between the chip capacitor 20 made of ceramic and the first resin 
substrate 30a made of a resin is high and the first resin substrate 30a is not separated on the interface therebetween 
5 even if a heal cycle test is conducted. The rough layers 23a can be formed by polishing the surfaces of the chip capacitor 
20 after sintering them or by roughing the surfaces before sintering them. In the first modification, the surfaces of the 
capacitor are roughed and the adhesiveness between the capacitor and the resin is thereby enhanced. Altematively, a 
silane coupling process can be conducted to the surfaces of the capacitor. 

[01 50] A process of manufacturing the printed circuit board according to the first modification of the present invention 
10 will be described hereinafter with reference to Rgs. 1 0 and 11 . 

(1) The first resin substrate 30a having a core having a thickness of 0.1 mm and made of glass cloth or the like 
which a BT (Bismaleimide-Triazine) resin is impregnated into and hardened in, is prepared. Conductive pad sections 
34 are fomied on one side of the first resin substrate 30a and conductor circuits 35 are fonned on the other side of 

15 the substrate 30a. Next, a plurality of chip capacitors 20 are mounted on the conductive pad sections 34 through 

an bonding agent such as a solder or a conductive paste and connected to the conductive pad sections 34 (Fig. 1 0(A)). 

(2) Next, resin layers for bonding (bonding resin layers) 38a, 38b each having a core made of glass cloth or the like 
and impregnated with an epoxy resin as well as the second resin substrate 30b (having a thickness of 0.4mm) and 
the third resin substrate 30c (having a thickness of 0.1 mm) each having a core made of glass doth or the like which 

^ a BT resin is impregnated into and hardened in, are prepared. Through holes 38A and 38B capable of containing 

the chip capacitors 20 are fonned in the bonding resin layer 38a and the second resin substrate 30b, respectively. 
Conductor circuits 37 are fonned on the both sides of the second resin substrate 30b and conductor circuits 35 are 
formed on one side of the third resin substrate 30c. First, the second resin substrate 30b is mounted on a surface 
on which the conductor circuits 35 of the third resin substrate 30c are not fonned. through the bonding resin layer 

25 38b. The first resin substrate 30a is inverted and mounted on the second resin substrate 30b through the bonding 

resin layer 38a. Namely, the first resin substrate 30a is superposed on the second resin substrate 30b so that the 
chip capacitors 20 connected to the first resin substrate 30a can be contained In the opening 308 formed In the 
second resin substrate 30b (Fig. 1 0(B)). 

(3) The superposed substrates are pressurized using a themnal press, thereby integrating the first, second and third 
30 resin substrates 30a, 30b and 30c in a multilayer manner and fomiing the core substrate 30 having a plurality of 

chip capacitors 20 (Rg. 10(C)). Rrst. by pressurizing the substrates, the epoxy resin (insulating resin) is pushed 
outside of the bonding resin layers 38a and 38b and the gaps between the opening 30B and the chip capacitors 20 
are filled with the resin. Further, since the substrates are pressurized and, at the same time, heated, the epoxy resin 
is hardened and the first resin substrate 30a, the second resin substrate 30b and the third resin substrate 30c are 
35 fixedly bonded to one another by interposing the bonding resin layers 38a and 38b as bonding resin. 

(4) Thermosetting epoxy resin sheets are laminated by vacuum pressing onto the substrate 30 whfch has been 
subjected to the above-stated steps, at a pressure of 5 kg/cm^ while raising temperature to 50 to 150*'C to thereby 
provide interiayer resin insulating layers 40 (Fig. 1 0 (D)). The degree of vacuum during vacuum pressing is 1 0 mmHg. 

(5) Next, openings 42 for via holes to be connected to the conductive pad sections 34 and the conductor circuits 35 
40 and 37 are fomied on the upper and lower surfaces of the substrate 30 by applying laser (Rg. 1 0(E)). 

[0151] Later steps are the same as those of (7) to (19) in the first embodiment stated above, which description will 
not be. therefore, given herein. 

^ [Second Modification of Rrst Embodiment] 

[0152] Next, the constitution of a printed circuit board according to the second modification of the first embodiment 
will be described with reference to Rg. 14. 

[0153] The printed circuit board in the second modification is almost the same in constitution as the printed circuit 
so board in the first embodiment stated above. They, however, differ in chip capadtors 20 contained in the core substrate 
30. Rg. 14 Is a plan view of chip capacitors. Fig. 14 (A) shows a chip capacitor before being cut for providing a plurality 
of chip capacitors. In Rg. 14(A). a dashed line denotes a cut line. As shown In Rg. 14 (B), In the printed circuit board In 
the first embodiment stated above, the first electrodes 21 and the second electrodes 22 are provided on the edges of 
the chip capacitor. Rg. 14 (C) shows a chip capacitor before being cut for providing a plurality of chip capacitors in the 
55 second modification. In Rg. 1 4(C), a dashed line denotes a cut line. In the printed drcuit board in the second modification, 
as shown in the plan view of Rg. 14(D). first electrodes 21 and second electrodes 22 are provided inside of the edges 
of the chip capacitor. 

[0154] In the printed circuit board in the second modrfication, the chip capadtors 20 each .having electrodes formed 
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inside of the outer edges thereof are employed, so that mass storage chip capacitors can be employed. 

[01 55] Next, a printed circuit board according to the first other example of the second modification will be descn'bed 

with reference to Fig. 15. 

[01 56] Fig. 1 5 Is a plan view of a chip capacitor 20 contained In the core substrate of the printed circuit board according 
5 to the first other example. In the first embodiment stated above, a plurality of small storage chip capacitors are contained 
in the core substrate. In the first other example, by contrast, a large, mass storage chip capacitor 20 is contained in the 
core substrate. The chip capacitor 20 consists of the first electrodes 21 . the second electrodes 22, a dielectric 23, first 
conductive films 24 connected to the first electrodes 21 , second conductive fiinns 25 connected to the second electrodes 
22, electrodes 27 which are not connected to the first and second conducth^e filnr^ 24 and 25, for the connection of the 
10 upper and lower surfaces of the chip capacitor. The IC chip and the daughter board are connected to each other through 
the electrodes 27. 

[01 57] Since the large chip capacitor 20 is employed In the printed circuit board In the first modmcation, it is possible 

to employ a mass storage chip capacitor. Further, since the large chip capacitor 20 is employed, the printed circuit board 

does not warp even if a heat cycle is perfonnned repeatedly. 
15 [01 58] Next, a printed circuit board according to the second other example of the second modification will be described 

with reference to Fig. 1 6. Rg. 1 6 (A) shows a chip capacitor before being cut for providing a plurality of chip capacitors. 

In Rg. 16 (A), a dashed line denotes an ordinary cut line, Rg. 16 (B) is a plan view of the chip capacitors. As shown in 

Fig. 16 (B). a plurality of (or In Rg. 16(B), three) chip capacitors for providing multiple capacitors are coupled to one 

another and employed as a large capacitor as a whole. 
20 [0159] In the second other example, since the large chip capacitor 20 is employed, it is possible to employ a mass 

storage chip capacitor. Further, since the large chip capacitor 20 is employed, the printed circuit board does not warp 

even if a heat cycle is performed repeatedly. 

[0160] tn the embodiment stated above, the chip capacitors are built In the printed circuit board. Altematively, plate- 
like capacitors each constituted by providing a conductive film on a ceramic plate may be employed Instead of the chip 
25 capacitors. 

[0161] The manufacturing method in the first embodiment makes it possible to contain the capacitors in the core 
substrate and to shorten the distance between the IC chip and the capacitors, thereby reducing the loop inductance of 
the printed circuit board. Further, since the printed circuit board is constituted by providing a plurality of resin layers, the 
core substrate can obtain sufficient strength. Besides, the first resin substrate and the third resin substrate are provided 
30 on the both sides of the core substrate, respectively, thereby constituting the core substrate smoothly. Thus, it is possible 
to appropriately form Interiayer resin insulating layers and conductorcircults on the core substrate and to thereby decrease 
the probability of the occun'ence of defective printed circuit boards. 

[0162] Moreover, since the resin is filled between the core substrate and the capacitors, a stress resulting from the 
capacitors or the like can be reduced even If rt occurs and no migration occurs. Due to this, there is no fear that the 
35 electrodes of the capacitors are separated from the connection sections of the via holes and dissolved. Thus, it is possible 
to maintain desired perfomnance even If a reliability test Is executed. 

[01 63] In addition, even if the capacitors are coated with copper, it Is possible to prevent the occurrence of migration. 
[Second Embodiment] 

40 

[01 64] The constitution of a printed circuit board according to the second embodiment of the present invention will be 
described hereinafter with reference to Figs. 1 9 and 20. Rg, 1 9 is a cross-sectional view of a printed circuit board 21 0. 
Fig. 20 shows a state in which an IC chip 290 Is mounted on the printed dncuit board 21 0 shown In Fig. 19 and that the 
printed circuit board 210 is attached to a daughter board 295. 

^ [01 65] As shown in Fig. 1 9, the printed circuit board 21 0 consists of a core substrate 230 containing a chip capacitor 
220, and buildup wiring layers 280A and 280B. The buildup wiring layers 280A and 280B are connected to each other 
by through holes 256. Each of the wiring layers 280A and 280B consists of interiayer resin insulating layers 240 and 
340. At the upper buildup wiring layer 280A side, conductor circuits 358 and via holes 260 connected to the first electrode 
221 and the second electrode 222 of the chip capacitor 220, respectively, are fomried on the interiayer resin insulating 

so layer 240, and conductor dncuits 358 and via holes 360 are fomied on the interiayer resin insulating layers 340. At the 
lower buildup wiring layer 280B side, conductor circuits 258 are fomied on the interiayer resin insulating layer 240, and 
conductor circuits 358 and via holes 360 are fomried on the interiayer resin insulating layer 340. Solder resist layers 270 
are formed on the interiayer resin insulating layers 340 of the buildup wiring layers 280A and 2808, respectively. 
[0166] As shown in Rg. 19, the chip capacitor 220 consists of the first electrode 221 , the second electrode 222 and 

ss a dielectric 23 put between the first and second electrodes. A plurality of pairs of first conductive films 224 connected 
to the first electrode 221 side and second conductive film 225 connected to the second electrode 222 side are anranged 
to face one another. 

[01 67] As shown in Rg. 20, solder bumps 276U to be connected to the pads 292E, 292P and 292S of the IC chip 290 
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are provided on the upper buildup wiring layer 280A. Solder bumps 276D to be connected to the pads 294E, 294P and 
294S of the daughter board 295 are provided on the lower buildup wiring layer 280B. 

[01 68] The signal pads 292S of the IC chip 290 shown In Rg. 20 are connected to the signal pads 294S of the daughter 
board 295 through the bumps 276U - the conductor circuits 358 - the via holes 360 - the through holes 256 - the via 
holes 360 - the bumps 276D, respectively. 

[0169] The grounding pad 292 E of the IC chip 290 Is connected to the first electrode 221 of the chip capacitor 220 
through the bump 276U - the via hole 360 - the conductor circuit 258 - the via hole 260. The grounding pad 294E of the 
daughter board 295 is connected to the first electrode 221 of the chip capacitor 220 through the bump 276D - the via 
hole 360 - the through hole 256 • the via hole 260. 

[0170] The power supply pad 292P of the IC chip is connected to the second electrode 222 of the chip capacitor 220 
through the bump 276U - the via hole 360 - the conductor circuit 258 - the via hole 260. The power supply pad 294P of 
the daughter board 295 is connected to the second electrode 222 of the chip capacitor 220 through the bump 276D - 
the via hole 360 - the through hole 256 - the via hole 260. 

[01 71 ] As shown in Rg. 1 9, the core substrate 230 in this embodiment consists of the first resin substrate 230a, the 
second resin substrate 230b connected to the first resin substrate 230a through a bonding resin layer (bonding plate) 
238a and the third resin substrate 230c connected to the second resin substrate 230b through a bonding resin layer 
(bonding plate) 238b. Conductor circuits 235 are fomied on the both sides of the first resin substrate 230a, the second 
resin substrate 230b and the third resin substrate 230c. A concave portion 334 capable of containing the chip capacitor 
220 is fonned in the core substrate 230 by spot facing and the chip capacitor 220 is contained in the concave portion 334. 
[0172] In this way. the chip capacitor 220 can be contained In the core substrate 230, so that the distance between 
the 10 chip 290 and the chip capacitor 220 becomes short and the loop inductance of the printed circuit board 210 can 
be reduced. Further, since the core substrate 230 is formed by providing the first, second and third resin substrates 
230a, 230b and 230c each having the conductor circuits 235 an^nged on the both sides thereof, wiring density within 
the core substrate 230 increases and the number of interlayer resin insulating layers can be thereby reduced. 
[0173] Furthermore, as shown in Rg. 1 8(A). in the second embodiment, an bonding agent 236 is interposed between 
the lower surface of the through hole 34 of the core substrate 230 and the chip capacitor 220, and resin filler 233 is filled 
between the side surface of the through hole 237 and the chip capacitor 220. Here, the coefficients of thermal expansion 
of the bonding agent 236 and the resin filler 233 are set lower than that of the core substrate 230, i.e., set close to that 
of the chip capacitor 220 made of ceramic. Due to this, even if an internal stress resulting from the difference in the 
coefficient of themial expansion occurs between the core substrate 230 and the chip capacitor 220, craclcs, separation 
and the like less occur to the core substrate 230 and high reliability can be, therefore, attained. It is also possible to 
prevent the oocun'ence of migration. 

[0174] Next, a method of manufacturing the printed circuit board described above with reference to Rg. 19 will be 
described with reference to Rgs. 17 to 19. 


(1) A copper-clad laminated plate 231 M having copper foils 232 laminated on the both sides of resin substrates 
231 a each having a core having a thickness of 0.3 mm and made of glass cloth or the like which a BT (Bismaleimide- 
Triazine) resin is impregnated Into and hardened in, is employed as a starting material (Rg. 17 (A)). The copper 
foils 232 of the copper-clad laminated plate 231 M are etched into a pattem fashion, thereby f onning the first, second 
and third resin substrates 230a, 230b and 230c each having the conductor circuits 236 provided on the both sides 
thereof (Fig. 17(B)). The second resin substrate 230b Is superposed on the third resin substrate 230c through the 
bonding resin layer 238b having a core made of glass cloth or the like and impregnated with an epoxy resin. Likewise, 
the first resin substrate 230a is superposed on the second resin substrate 230b through the bonding resin layer 
238a (Fig. 17(C)). 

It Is noted that a substrate made of ceramic or AIN cannot be used as the core substrate. This is because such a 
substrate has poor workability for the outside shape thereof, sometimes cannot contain a capadtor and has gaps 
even if filled with a resin. 

(2) The superposed substrates are pressurized using a thenmal press, thereby integrating the first, second and third 
resin insulating substrates 230a, 230b and 230c in a multi-layer manner and fomiing the core substrate 230 (Rg. 
17(D)). Rrst, by pressuring the substrates, the epoxy resin (insulating resin) of the bonding resin layers 238a and 
238b is pushed outside and the epoxy resin is made hennetic contact with the first, second and third resin substrates 
230a, 230b and 230c. Further, since the substrates are pressurized and, at the same time, heated, the epoxy resin 
is hardened and the first resin substrate 230a. the second resin substrate 230b and the third resin substrate 230c 
are fixedly bonded to one another by interposing the bonding resin layers 238a and 238b as bonding plates. 

(3) Next, a concave portion 334 for containing the chip capacitor 220 is fomied in the core substrate 230 by spot 
facing (Rg. 1 7(E)). While the concave portion for containing the capacitor is provided by spot facing in this embod- 
iment, a core substrate provided with a container section can be fomied by overiaying an insulating resin substrate 
provided with an opening on an insulating resin substrate without an opening. 
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(4) Then, using a printer, a thermosetting or UV hardening bonding material 236 is applied onto the base of the 
concave portion 334 (Rg. 1 8(A)). Alternatively, potting may be conducted instead of the application of the bonding 
material. 

Next, the chip capacitor 220 is mounted on the bonding material 236 (Rg. 18(B)). Either one or a plurality of chip 
capacitors 220 may be employed; however, if a plurality of chip capacitors 220 are employed, the high integration 
of capacitors can be realized. 

(5) Thereafter, a thennosetting resin is filled in the concave portion 334, heated and hardened to thereby fomri a 
resin layer 233 (Rg. 18 (C)). As the thermosetting resin, an epoxy resin, a phenol resin, a polyimlde resin and a 
triaztne resin are preferable. Consequently, the chip capacitor 220 within the concave portion 334 is fixed and the 
gap between the chip capacitor 220 and the wall surface of the concave portion 334 is filled with the resin. 

(6) Thermosetting epoxy resin sheets to be described later are laminated by vacuum pressing onto the substrate 
230 which has been subjected to the above-stated steps, at a pressure of 5 kg/cnr>2 while raising temperature to 50 
to ISO'^C to thereby provide interiayer resin Insulating layers 240 (Rg. 1 8(D)). The degree of vacuum during vacuum 
pressing is lOmmHg. 


[0175] Later steps are the same as those of (7) to (9) in the first embodiment stated above, which description will not 
be, therefore, given herein. 

[01 76] Next, description will be given to the mounting of the IC chip 290 on the printed circuit board 21 0 completed 
through the above-stated steps and to the attachment of the printed circuit board 210 to the daughter board 295 with 

20 reference to Fig. 20. The IC chip 290 is mounted on the printed circuit board 21 0 thus completed so that the solder pads 
292E, 292P and 292S of the IC chip 290 con-espond to the solder bumps 276U of the printed circuit boarti 21 0 and a 
reflow process is perfonmed, thereby attaching the IC chip 290 to the printed circuit board 21 0. Likewise, a reflow process 
is perfonned so that the pads 294E, 294P and 294S of the daughter board 295 con-espond to the solder bumps 276D 
of the printed circuit board 21 0. thereby attaching the printed circuit board 21 0 to the daughter board 295. 

25 [01 77] The thenmosetting epoxy resin sheets fomiing the above-stated interiayer resin insulating layers 240 and 340 
each contain a refractory resin, soluble parttoles, a hardening agent and other components, each of which is the same 
as that In the first embodiment already described above and will not be described herein. 

[Rrst Modification of Second Embodiment] 


[0178] Next, a printed circuit board 212 according to the first modification of the second embodiment of the present 
Invention will be described with reference to Rg. 23. In the second embodiment stated above, a BGA (ball grid array) is 
provided. The printed circuit board in the first modification of the second embodiment is constituted Into a PGA system 
for establishing connection through conductive connection pins 296 as shown in Fig. 23. 

35 [0179] Further, In the second embodiment stated above, the concave portion 334 for containing the chip capacitor 
220 IS provided In the core substrate 230 by spot facing to allow the chip capacitor 220 to be contained In the concave 
portion 334. In the first modification of the second embodiment, the first resin substrate 230a provided with through holes 
230A, the second and third resin substrates 230b and 230c which are not provided with through holes are bonded to 
one another through bonding resin layers (bonding plates) 238a and 238b, thereby fomning a core substrate 230 provided 

<o with a concave portion 335 containing chip capacitors 220 to allow a plurality of chip capacitors 220 to be contained in 
the concave portion 335. 

[01 80] A process of manufacturing the printed circuit board according to thefirst modification of the second embodiment 
of the present invention will be described hereinafter with reference to Rgs. 21 and 22. 

45 (1 ) A copper-clad laminated plate 231 M having copper foils 232 laminated on the both sides of resin substrates 

231 a each having a core having a thickness of 0.3 mm and made of glass cloth or the like whtoh a BT (Bismaleimlde- 
Triazine) resin is impregnated into and hardened in. is employed as a starting material (Rg. 21 (A)). The copper 
foils 232 of the copper-clad laminated plate 231 M are etched into a pattern fashion, thereby forming the second and 
third resin substrates 230b and 230c each having the conductor circuits 235 provided on the both sides thereof. 

so Also, the copper foils 232 are etched into a pattern fashion and a through hole 230A is fomied, thereby forming the 

first resin substrate 230a having conductor circuits 235 (Fig. 21 (B)). The second resin substrate 230b is superposed 
on the third resin substrate 230c through the bonding resin layer (bonding plate)238b having a core made of glass 
cloth or the like and impregnated with an epoxy resin. Likewise, the first resin substrate 230a having the through 
hole 230A formed therein is superposed on the second resin substrate 230b through the bonding resin layer (bonding 

S5 plate) 238a having the through hole 238A formed therein (Rg. 21 (C)). 

(2) The superposed substrates are pressurized using a thermal press, thereby integrating the first, second and third 
resin insulating substrates 230a, 230b and 230c in a multi-layer manner and fomning the core substrate 230 provided 
with a concave portion 335 for containing chip capacitors 220 (Rg. 21 (D)). Rrst, by pressuring the substrates, the 
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epoxy resin (insulating resin) of the bonding resin layers 238a and 238b is pushed outside and the epoxy resin is 
made hermetic contact with the first, second and third resin substrates 230a, 230b and 230c. Further, since the 
substrates are pressurized and, at the same time, heated, the first resin substrate 230a, the second resin substrate 
230b and the third resin substrate 230c are fixedly bonded to one another by interposing the bonding resin layers 
5 238a and 238b as bonding plates. 

(3) Then, using a printer, thermosetting or UV hardening bonding materials 236 are applied onto the base of the 
concave portion 335 (Rg. 21 (E)). Alternatively, potting may be conducted instead of the appHcation of the bonding 
materials. 

(4) Next, a plurality of chip capacitors 220 are mounted on the bonding material 236 (Rg. 22). By containing a 
10 plurality of chip capacitors 220 in the core substrate, the high Integration of capacitors can be realized. 

(5) Thereafter, a themnosetting resin Is filled between the chip capacitors 220 in the concave portion 335, heated 
and hardened to thereby form a resin layer 233 (Rg. 22(B)). As the thennosetting resin, an epoxy resin, a phenol 
resin, a polyimide resin and a triazine resin are preferable. 

Consequently, the chip capacitors 220 within the concave portion 335 is fixed and the gaps between the chip 
15 capacitors 220 and the wall surface of the concave portion 335 are filled with the resin. 

(6) Thennosetting epoxy resin sheets are laminated by vacuum pressing onto the substrate 230 which has been 
subjected to the above-stated steps, at a pressure of 5 kg/cm2 while raising temperature to 50 to 150*C to thereby 
provide interiayer resin insulating layers 240 made of an epoxy resin (Rg. 22(C)). 

(7) Next, openings 42 for via holes reaching the first terminals 221 and the second temninals 222 of the chip capacitors 
20 220 arefomried in the interiayer resin Insulating layer 240 at the resin substrate 230aside by applying laser (Rg. 22(D)). 

[0181] Later steps are the same as those of (8) to (21) In the first embodiment stated above, which description will 
not be, therefore, given herein. 

25 [Rrst Other Example of Rrst Modification of Second Embodiment] 

[0182] Next, aprintedcircuitboardaccordingtothefirstotherexampleof the firstmodificationofthesecondembodiment 
of the present invention will be described with reference to Rg. 24. The printed circuit board in the first other example 
is almost the same as that in the first modification of the second embodiment stated above. However, only the chip 
30 capacitors 220 contained in the core substrate 230 are provided in the first modification of the second embodiment, 
whereas mass storage chip capacitors 286 are mounted on the front and reverse sides of a core substrate in the first 
other example. 

[0183] An IC chip momentarily consumes high power and perfomris complex arithmetic operation. Here in this first 
modification, to supply high power to the IC chip, chip capacitors 220 and chip capacitors 286 for power supply are 

35 provided. The advantage derived from these chip capacitors will be described with reference to Rg. 12. 

[0184] Rg. 12 is a graph with a vertical axis indicating voltage supplied to the IC chip and a horizontal axis Indicating 
time. In Rg. 12, two-dot chain line C denotes the voltage variation of a printed circuit board which Is not provided with 
power supply capacitors. If power supply capacitors are not provided, voltage attenuates greatly. A broken line A denotes 
the voltage variation of a printed circuit board having chip capacitors mounted on the surfaces thereof. Compared with 

40 the two-dot chain line C, voltage does not drop greatly. However, since loop length is larger, rate-controlled powersupply 
cannot be conducted sufTiclentiy. Namely, at the start of the supply of power, voltage falls. Further, a chain dotted line 
B denotes the voltage drop of a printed circuit board including the chip capacitors described above with reference to 
Fig. 23. In this case, loop length can be shortened; however, mass storage chip capacitors cannot be contained in a 
core substrate 230 and voltage, therefore, varies. Here, a solid line E denotes the voltage variation of the printed circuit 

45 board in the modification which printed circuit board has the chip capacitors 220 mounted in the core substrate and'the 
mass storage chip capacitors 2B6 mounted on the surfaces thereof. Voltage variation is minimized by providing the chip 
capacitors 220 and the mass storage chip capacitors 286 (having relatively high inductance) in the vicinity of the IC chip. 
[0185] Furthemnore, as shown in Rg. 13 (A), in the chip capacitor 220 of the printed circuit board in the first other 
example of the second embodiment, after the coating layer (not shown) of the first and second electrodes 221 and 222 

so are completely separated, the first and .second electrodes 221 and 222 are coated with copper plated films 29. The first 
and second electrodes 221 and 222 each coated with the copper plated film 29 are electrically connected to each other 
by a via hole 260 made of a copper plated material. Here, the electrodes 221 and 222 of the chip capacitor are made 
by metalization and have inregular portions on the surfaces thereof. Due to this, if the substrate is used while exposing 
the metal layers, resin may sometimes remain on the in'egular portions in the step of providing non-penetrating holes 

55 242 in the connection layer 240. At this time, the resin residue causes connection defects between the first, second 
electrodes 221 and 222 and the via holes 260. In the first other example, by contrast, since the surfaces of the first and 
second electrodes 221 and 222 are smoothed by the copper plated films 29, no resin remains when providing non- 
penetrating holes 42 in the coated interiayer resin insulating layer 240 on the electrodes and the reliability of the connection 


23 


EP 1 139 705 


Page 24 of 98 


EP 1 139 705 B1 

between the electrodes 221 , 222 and the via holes 260 when fomning the via holes 260 can be enhanced. 
[0186] FuithenDore, the via holes 260 are formed by plating In the electrodes 221 and 222 having the copper plated 
films 29 fomied thereon, respectively, the connection characteristics between the electrodes 221 . 222 and the via holes 
260 is good and disconnection does not occur between the electrodes 221 , 222 and the via holes 260 even if a heat 
s cycle test is conducted. Besides, no migration occurs and no disadvantages are derived in the connection portions of 
the via holes of the capacitors. 

[01 87] The copper plated films 29 are provided after the nickel / tin layer (coating layer) coated on the surface of each 
metal layer 26 in a phase of manufacturing chip capacitors is separated in a phase of mounting the chip capacitors on 
the printed circuit board. Alternatively, the copper plated films 29 can be directly coated on the metal layers 26 in the 

10 phase of manufacturing the chip capacitors 220. Namely, in the first other example, as in the case of the second 
embodiment, after openings reaching the copper plated films 29 of the electrodes are provided by applying laser, a de- 
smear process is perfomned to thereby form via holes by copper plating. Accordingly, even if an oxide film is formed on 
the surface of the copper plated film 29, the oxide film can be removed by the laser and de-smear processes, thereby 
making it possible to establish connection appropriately. 

IS [0188] Further, rough layers 23a are provided on the surfaces of a dielectric 23 of the chip capacitors 220 which 
dielectric is made of ceramic. Due to this, the adhesiveness between the chip capacitors 220 made of ceramfc and the 
interiayer resin insulating layer 240 made of a resin Is high and the interiayer resin insulating layer 240 is not separated 
on the interface therebetween even if a heat cyde test is conducted. The rough layers 23a can be fomied by polishing 
the surfaces of the chip capacitors 220 after sintering them or by roughing the surfaces before sintering them. In the first 

20 other example, the surfaces of the capacitors are roughed and the adhesiveness between the capacitors and the resin 
is thereby enhanced. Alternatively, a silane coupling process can be conducted to the surfaces of the capacitors. 
[01 89] As shown in Rg. 1 3 (B), it is also possible to employ the first and second electrodes 21 and 22 of the first and 
second capacitors 220 while removing part of the coats 28 of the electrodes 21 and 22. This is because connection 
characteristics can be enhanced by exposing the first and second electrodes 221 and 222. 

25 

[Second Modification of Second Embodiment] 


[01 90] Next, the constitution of a printed circuit board according to the second modrication of the second embodiment 
will be described with reference to Fig. 14. 

30 [0191] The printed circuit board in the second modification is almost the same in constitution as the printed circuit 
board In the first embodiment stated above. They, however, differ in chip capacitors 20 contained in the core substrate 
30. Rg. 14 is a plan view of chip capacitors. Fig. 1 4 (A) shows a chip capacitor before being cut for providing a plurality 
of chip capacitors. In Fig. 1 4(A), a dashed line denotes a cut line. As shown in Rg. 1 4 (B), In the printed circuit board in 
the first embodiment stated above, the first electrodes 21 and the second electrodes 22 are provided on the edges of 

35 the chip capacitor. Rg. 14 (C) shows a chip capacitor before being cut for providing a plurality of chip capacitors in the 
second modification. In Rg. 1 4(C), a dashed line denotes a cut line. In the printed drcuit board in the second modification, 
as shown in the plan view of Rg. 14(D). first electrodes 21 and second electrodes 22 are provided inside of the edges 
of the chip capacitor. 

[0192] In the printed circuit board in the second modification, the chip capacitors 20 each having electrodes formed 
40 inside of the outer edges thereof are employed, so that mass storage chip capacitors can be employed. 

[01 93] Next, a printed circuit board according to the first other example of the second modification will be described 
with reference to Fig. 15. 

[01 94] Fig. 1 5 is a plan view of a chip capacitor 20 contained in the core substrate of the printed circuit board according 
to the first other example. In the first embodiment stated above, a plurality of small storage chip capacitors are contained 

<5 in the core substrate. In the first other example, by contrast, a large, mass storage chip capacitor 20 is contained in the 
core substrate. The chip capacitor 20 consists of the first electrodes 21 , the second electrodes 22. a dielectric 23, first 
conductive films 24 connected to the first electrodes 21 , second conductive films 25 connected to the second electrodes 
22, and electrodes 27 which are not connected to the first and second conductive films 24 and 25, for the connection of 
the upper and lower surfaces of the chip capacitor. The iC chip and the daughter board are connected to each other 

50 through the electrodes 27. 

[01 95] Since the large chip capacitor 20 is employed in the printed circuit boanJ in the first mod'ificatlon, it is possible 
to employ a mass storage chip capacitor. Further, since the large chip capadtor 20 is employed, the printed circuit board 
does not warp even if a heat cycle is performed repeatedly. 

[01 96] Next, a printed circuit board according to the second other example of the second modification will be described 
ss with reference to Rg. 1 6. Rg. 1 6 (A) shows a chip capacitor before being cut for providing a plurality of chip capacitors. 
In Rg. 16 (A), a dashed line denotes an ordinary cut line. Rg. 16 (8) is a plan view of the chip capadtors. As shown In 
Rg. 16(B), a plurality of (or in Fig. 16(B), three) chip capacitors for providing multiple capacitors are coupled to one 
another and employed as a large capacitor as a whole. 
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[0197] In the second other example, since the large chip capacitor 20 is ennployed, it is possible to ennploy a mass 
storage chip capacitor. Further, since the large chip capacitor is employed, the printed circuit board does not warp even 
if a heat cycle is perfomried repeatedly. 

[0198] In the embodiment stated above, the chip capacitors are built in the printed circuit board. Altematively, plate- 
like capacitors each constituted by providing a conductive film on a ceramic plate may be employed instead of the chip 
capacitors. 

[0199] As stated above, according to the second embodiment, it is possible to contain the capacitors in the core 
substrate and to shorten the distance between the IC chip and the capacitors, thereby reducing the loop inductance of 
the printed circuit board. Further, since the core substrate is formed by providing a plurality of resin substrates having 
conductor circuits fomned thereon in a multilayer manner, the wiring density within the core substrate is increased and 
the number of interiayer resin insulating layers can be reduced. 

[0200] Moreover, since the resin is filled between the core substrate and the capacitors, a stress resulting from the 
capacitors or the like can be reduced even if it occurs and no migration occurs. Due to this, there is no fear that the 
electrodes of the capacitors are separated from the connection sections of the via holes and dissolved. Thus, it is possible 
to maintain desired perfomnance even if a reliability test is executed. 

[0201 ] In addition, even if the capacitors are coated with copper, it is possible to prevent the occurrence of migration. 
[Third Embodiment] 

[0202] The constitution of a printed circuit board according to the third embodiment of the present invention will be 
described hereinafter with reference to Figs. 30 and 31 . Rg. 30 is a cross-sectional view of a printed circuit board 41 0. 
Fig. 31 shows a state in which an IC chip 490 is mounted on the printed circuit board 41 0 shown in Fig. 30 and that the 
printed circuit board 410 is attached to a daughter board 495. 

[0203] As shown In Rg. 30, the printed circuit board 41 0 consists of a core substrate 430 containing a plurality of chip 
capacitors 420, and buildup wiring layers 480A and 480B. Each of the buildup wiring layers 480A and 480B consists of 
interiayer resin insulating layers 540 and 541. Conductor circuits 558 and via holes 560 are fomned on the interiayer 
resin insulating layer 540 of each of the buildup wiring layers 480A and 480B. Conductor circuits 559 and via holes 564 
are fonmed on the interiayer rein insulating layer 541 of each of the buildup wiring layers 480A and 480B. Solder resist 
layers 470 are formed on the Interiayer resin insulating layers 541, respectively. Via holes 460 and conductor circuits 
458 to be connected to the chip capacitors 420 are provided on the core substrate 430. The buildup wiring layers 480A 
and 480B are connected to each other by way of through holes 456 formed in the core substrate 430. 
[0204] As shown in Rg, 30, each of the chip capacitors 420 consists of the first electrode 421 , the second electrode 
422 and a dielectric 423 put between the first and second electrodes. A plurality of pairs of first conductive films 424 
connected to the first electrode 421 side and second conductive films 425 connected to the second electrode 422 side 
are arranged on the dielectric 423 to face one another. 

[0205] As shown in Rg. 31 , solder bumps 476U to be connected to the pads 492E, 492P and 492S of the IC chip 490 
are provided on the upper buildup wiring layer 480A. Solder bumps 476D to be connected to the pads 494E1, 494E2, 
494P1 , 494P2 and 494S of the daughter board 4 95 are provided on ttie lower buildup wiring layer 480B. 
[0206] The signal pad 492S of the IC chip 490 is connected to the signal pad 494S of the daughter board 495 ttirough 
the bump 476U - the conductor circuit 559 - the via hole 564 - the conductor circuit 558 - tiie via hole 560 - the ttirough 
hole 466 - the via hole 560 - the conductor circuit 558 - the via hole 564 - the conductor drcuft 659 - the bump 476D. 
[0207] The grounding pad 492E of the IC chip 490 is connected to the first electrodes 421 of the chip capacitors 420 
through the bumps 476U - tiie via holes 564 - the conductor circuits 558 - the via holes 560 - the conductor circuits 458 
- the via holes 460. The grounding pad 494E1 of the daughter board 495 is connected to the first electrodes 421 of the 
chip capacitors 420 through the bumps 476D - the via holes 564 - the conductor circuits 558 - the via holes 560 - the 
ttirough holes 456 - ttie conductor circuits 458 - the via holes 460. The grounding pad 494E2 is connected to the first 
electrodes 421 of the chip capacitors 420 through ttie bumps 476D - ttie via holes 564 - the conductor circuits 558 - the 
via holes 560 - the conductor circuits 458 - the via holes 460. 

[0208] The power supply pad 492P of the IC chip 490 is connected to the second electrodes 422 of ttie chip capacitors 
420 through the bumps 476U - the via holes 564 - the conductor circuits 558 - the via holes 560 - the conductor circuits 
458 - the via holes 460. The power supply pad 494P1 of ttie daughter board 495 is connected to the second electrodes 
422 of the chip capacitors 420 through the bumps 476D - ttie via holes 564 - the conductor circuits 558 - the via holes 
560 - the through holes 456 - the conductor circuits 458 - the via holes 460. The power supply pad 494P2 Is connected 
to the first electrodes 422 of the chip capacitors 420 through the bumps 476D - the via holes 564 - the conductor circuits 
558 - tiie via holes 560 - the conductor circuits 458 - the via holes 460. In this embodiment, the daughter board 495 side 
is connected to the first and second electrodes 421 and 422 of the chip capacitors 420 through the through holes 456. 
It is also possible to connect the daughter board 495 side thereto w'rthout employing ttie ttirough holes. 
[0209] As shown in Rg. 30, ttie core substrate 430 in this embodiment consists of the first resin substrate 430a to 
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which the chip capacitors 420 are connected through bonding materials, the second resin substrate 430b connected to 
the first resin substrate 430a through a bonding resin layer (bonding plate) 438a and the third resin substrate 430c 
connected to the second resin substrate 430b through a bonding resin layer (bonding plate) 438b. An opening 430B 
capable of containing the chip capacitors 420 is fomned in the second resin substrate 430b. 

5 [0210] With this structure, the chip capacitors 420 can be contained in the core substrate 430, so that the distance 
between the IC chip 490 and each chip capacitor 420 is shortened and* the loop inductance of the printed circuit board 
41 0 can be reduced. Further, the core substrate 430 is constituted by providing the first resin substrate 430a, the second 
resin substrate 4.30b and the third resin substrate 430c in a multilayer manner, the core substrate 430 can obtain 
sufficient strength. Moreover, since the core substrate 430 is constituted smoothly by providing the first resin substrate 

10 430a and the third resin substrate 430c on the both sides of the core substrate 430, respectively, it is possible to 
appropriately fomi the interlayer resin insulating layers 540, 541 . the conductor circuits 558, 559 and the via holes 560 
and 564 on the core substrate 430 and the probability of the occun^ence of defective printed drcuit boards can be 
decreased. 

[021 1] Furthermore, in this embodiment, the via holes 460 are provided on the both sides of the core substrate 430. 
IS This makes it possible to connect the daughter board 495 to each chip capacitors 420 at the shortest distance and high 
electric power can be supplied momentarily from the daughter board to the IC chip. 

[021 2] Moreover, in this embodiment, as shown in Rg. 25 (D), an insulating bonding agent 436 is interposed between 
the first resin substrate 430a and each of the chip capacitors 420. Here, the coefficient of the themia! expansion of the 
bonding agent 436 is set lower than that of the core substrate 430, i.e.. set close to that of the chip capacitors 420 made 
20 of ceramic. Due to this, even if an internal stress resulting from the difference in the coefficient of thennal expansion 
among the core substrate, the bonding layers 436 and the chip capacitors 420, occurs in a heat cycle test, cracl<s, 
separation and the like less occur to the core substrate, making it possible to attain high reliability. It is also possible to 
prevent the occun-ence of migration. 

[021 3] A method of manufacturing the printed circuit board described above with reference to Rg. 30 will be described 
25 with reference to Figs. 25 to 30. 

(1) A one-sided copper-clad laminated plate 430M (first resin substrate 4 30a or the third resin substrate 430c) having 
a copper foil 432 laminated on one side of the resin substrate having a core having a thickness of 0.1 mm and made of 
glass cloth or the like which a BT (Bismaleimide-Triazlne) resin is impregnated into and hardened in. is employed as a 
starting material (Rg. 25(A)). 

30 Next, the copper foil 432 of the copper-clad laminated plate 430M is etched into a pattern, thereby fonning openings 
432a forfomiing via holes are fornied (Rg. 25(B)). 

(2) Using a printer, a themriosettlng or UV hardening bonding material 436 is applied onto portions of the first resin 
substrate 430a on whfch the copper foil 432 is not laminated (Fig. 25 (C)). Instead of the application of the bonding 
material, potting may be performed. 

35 Next, a plurality of chip capacitors 420 made of ceramic are mounted on the bonding material 436 and bonded to the 
first resin substrate 430a through the bonding material 436 (Rg. 25(D)). Either one or a plurality of chip capacitors 420 
may be provWed; however, if a plurality of chip capacitors 420 are employed, the high integration of the capacitors can 
be realized. 

(3) Then, resin layers for bonding (bonding resin layers) 438a and 438b each having a core made of glass doth or the 
^0 like and impregnated with an epoxy resin as well as the second resin layer 430b (having a thickness of 0.4 mm) having 

a core made of glass doth or the like which a BT resin is Impregnated into and hardened In, are prepared. Openings 
36A and 430B capable of containing the chip capacitors 420 are fomned in the bonding resin layer 438a and the second 
resin layer 430b, respectively. First, the second resin substrate 430b is mounted on the third resin substrate 430c through 
the bonding resin layer 438b with the surface of the third resin substrate 430c laminated with the copper foil 432 directed 

^ downward. Next, the first resin substrate 430a is inverted and mounted on the second resin substrate 430b through the 
bonding resin layer 438a Namely, the first resin substrate 430a is superposed on the second resin substrate 430b so 
that the chip capadtors 420 connected to the first resin substrate 430a are directed toward the bonding rein layer 438a 
side and can be contained in the opening 430B fomned In the second resin substrate 430b (Rg. 26(A)). By doing so, the 
chip capacitors 420 can be contained in the core substrate 430 and the printed circuit board having reduced loop 

50 inductance can be provided. It is noted that a substrate made of ceramte or AIN cannot be used as the core substrate. 
This is because such a substrate has poor woricablRty for the outside shape thereof, sometimes cannot contain capacitors 
and has gaps even if filled with a resin. 

(4) The superposed substrates are pressurized using a themnal press, thereby integrating the first, second and third 
resin substrates 430a, 430b and 430c in a multilayer manner and fomning the core substrate 430 having a plurality of 

55 chip capacitors 420 (Rg. 26(B)). 

First, by pressurizing the substrates, the epoxy resin (insulating resin) is pushed outside of the bonding resin layers 
438a and 438b and the gaps between the opening 430B and the chip capacrtors 420 are filled with the resin. Further, 
since the substrates are pressurized and, at the same time, heated, the epoxy resin is hardened and the first resin 
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substrate 430a, the second resin substrate 430b and the third resin substrate 430c are strongly bonded to one another 
by interposing the bonding rein layers 438a and 438b as bonding resin (bonding plates). In this embodiment, the space 
within the opening 430B is filled with the epoxy resin flowing out of the bonding resin layers. Alternatively, filler can be 
provided In the opening 430B. 

Since the both sides of the core substrate 430 are the first resin substrate 430a and the third resin substrate 430c which 
are smooth, respectively, the interlayer resin Insulating layers 540, 541 , the conductor drcurts 558, 659 and the via holes 
560 and 564 can be appropriately fornied In steps to be described later without damaging the smoothness of the core 
substrate 430 and the probability of the occurrence of defective printed circuit boards can be decreased. Further, the 
core substrate 430 can obtain sufficient strength. 

(5) Next, the exposed regions of the copper foil 432 from the openings 432a for fomning the via holes are removed by 
applying laser and openings 442 for via holes reaching the first and second electrodes 421 and 422 of the chip capacitors 
420 are fomried. Namely, using the copper foil 432 as a confomialmask, the openings 442 for via holes are fomned in 
the core substrate 430 by applying laser. Then, the same step is executed to the other side of the substrate (Rg. 26(C)). 
As a result, the opening diameters of the via holes depend on the opening diameters of the openings 432a of the copper 
foil 432 for fomriing the via holes, thereby making it possible to fonm each via hole to have an appropriate diameter. 
Likewise, the positional accuracy of the via hole openings depends on the opening positions of the openings 432a of 
the copper foil 432 for fomning the via holes, thereby making It possible to fomi the via holes at appropriate positions 
even if the positional accuracy of the laser application is low. 

(6) Penetrating holes 444 for through holes are fomned In the core substnate 430 by drilling or applying laser (Fig. 26 
(D)). Thereafter, a de-smear process is perfomied using oxygen plasma. Alternatively, a de-smear process using chem- 
icals such as permanganate may be perfomied. 

(7) Next, using SV-4540 manufactured by ULVAC JAPAN, Ltd., a plasma process is perfomied to fonn rough surfaces 
on the entire surfaces of the core substrate 430. The plasma process is perfomied for two minutes while using, as inert 
gas, argon gas on conditions of power of 200 W, a gas pressure of 0.6 Pa and a temperature of 70'C. Then, sputtering 
is performed with Ni and Cu as targets and Ni-Cu metal layers 448 are fomned on the surfaces of the core substrate 
430, respectively (Fig. 27(A)). While sputtering is employed herein, metal layers of copper, nickel or the like may be 
formed by electroless plating. In some cases, after perfonming sputtering, electroless plated films may be fonned. A 
roughing process may be perfonmed using an add or an oxidizer. The rough layers are preferably 0.1 to 5 jtm thick. 

(8) Next, photosensitive dry films are bonded onto the surfaces of the Ni-Cu metal layers 448 and exposure and devel- 
opment processes are performed while mounting masks, thereby fomiing resists 450 each having a predetermined 
pattem. The core' substrate 430 is then immersed in an electroplating solution, current is applied to the substrate 430 
through the Ni-Cu metal layers 448 and electroplating is conducted to portions In which the resists 450 are not formed 
on the following conditions, thereby fomning electroplated films 452 (Rg. 27(B)). 

[Electroplating Solution] 
Sulfuric add 
Copper sulfate 
Additive (Kaparacid HL 
manufactured by Atotech Japan 


2.24 mol// 
0.26 mol// 
19.5 mol// 


[Electroplating Conditions] 
Cuoent density 1 /Vdm^ 
Duration 120 minutes 

Temperature 22±2*'C 


(9) After separating and removing the resists 450 with 5% NaOH, the Ni-Cu metal layers 448 and the copper foil 432 
SQ under the resists 450 are dissolved and removed by etching with an etching solution of a mixture of a nitride acid, a 
•sulfurfc acid and hydrogen peroxide, thereby forming conductor circuits 458 (including via holes 460) and through holes 
456 each consisting of the copper foil 432. the Ni-Cu metal layer 448 and the electroplated copper film 452. After 
washing and drying the resultant substrate, an etching solution is sprayed on the both sides of the substrate and the 
surfaces of the conductor circuits 458 (including the via holes 460) and the through holes 456 are etched, thereby 
55 forming rough layers 462 on the entire surfaces of conductor circuits 458 (including the via holes 460) and the through 
holes 456 (Rg. 27(C)). As the etching solution, a mixture of 10 parts by weight of an imidazole copper (II) complex, 7 
parts by weight of an gtycolic acid, 5 parts by weight of potassium chloride and 78 parts by weight of ion-exchange 
water Is employed. 
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(10) Resin filler 464 mainly consisting of an epoxy resin is applied on the both sides of the substrate 430 using the 
printer, thereby filling the resin filler 464 between the conductor circuits 458 and in the through holes 456, and heating 
and drying the resin filler 464. Namely, by executing this step, the resin filler 464 Is filled between the conductor circuits 
458 and in the via holes 460 and the through holes 456 (Fig. 25(D)). 

(11) One side of the substrate 430 for which the process described in (10) above has been completed, is polished by 
belt Sander polishing using belt abrasive paper (manufactured by Sankyo Rikagaku Co. , Ltd.) in such a manner that 
the resin filler 464 is not left on the surfaces of the conductor circuits 458 and the land surfaces 456a of the through 
holes 456. Then, buffing is perfomied to remove flaws caused by the belt sander poPishlng. These series of polishing 
are also conducted to the other side of the substrate 430. Next, the resin filler 464 thus filled is heated an hardened. 
Thus, it is possible to obtain a wiring substrate wherein the surface layer portion of the resin filler 464 filled in the through 
holes 456 and the like and rough surfaces 462 on the upper surfaces of the conductor circuits 458 are removed, the 
both sides of the substrate 430 are smoothed, the resin filer 464 and the conductor circuits 458 are strongly boiided 
to one another through the rough surfaces 462, and the inner walls of the through holes 456 and the resin filler 464 
are strongly bonded to one another through the rough surfaces 462. 

Next, the same etching solution as that employed in (9) above is sprayed on the both sides of the substrate 430 to etch 
the surfaces of the conductor circuits 458 and the land surfaces 456a of the through holes 456 which have been 
flattened once, thereby fomiing rough surfaces 458a on the entire surfaces of the conductor circuits 458 (Fig. 28(A)). 

(12) Themiosetting epoxy resin sheets to be described later are laminated by vacuum pressing onto the substrate 430 
which has been subjected to the above-stated steps, at a pressure of 5 kg/cm^ while raising temperature to 50 to 
150*»C. to thereby provide interlayer resin insulating layers 540 (Fig. 28(B)). The degree of vacuum during vacuum 
pressing is lOmmHg. 

(13) Next, openings 542 for via holes are fornied in the interiayer resin insulating layers 540 by applying laser (Rg 28 

(C)). 

(14) Using SV-4540 manufactured by ULVAC JAPAN, Ltd. employed in the step of (7). a plasma process Is performed 
to fomi rough surfaces 540a on the surfaces of the Interlayer resin insulating layers 540 (Fig, 28(D)). Here, as in the 
case of the step of (7), a rouging process may be performed by using either an acid or an oxidizer. The rough layers 
are preferably 0.1 to 5 jjim thick. 

(15) Thereafter, as in the case of the step of (7). sputtering is perfomied with Ni and Cu as targets, to thereby form Ni- 
Cu metal layers 548 on the surfaces of the interiayer resin insulating layers 540 (Rg. 29(A)). While sputtering is per- 
fonned herein, metal layers of copper, ntokel or the like may be fonned, by electroless plating. In some cases, after 
fonming the metal layers by sputtering, electroless plated films may be fomied. 

(16) Then, as in the case of the step of (8), photosensitive dry films are bonded onto the surfaces of the Ni-Cu metal 
layers 548 and exposure and development processes are perfomied while mounting masks, thereby forming resists 
544 each having a predetermined pattern. The core substrate is then immersed in an electroplating solution, current 
is applied to the substrate through the Ni-Cu metal layers 548 and electroplating is conducted to portions in whteh the 
resists 544 are not fomied, thereby fonning electroplated films 552 (Rg. 29(B)). 

(17) Thereafter, the same process as in the step of (9) is perfomied to thereby fomri conductor circuits 558 (including 
via holes 560) each consisting of the Ni-Cu metal layer 548 and the electroplated film 552. After washing and drying 
the resultant substrate, an etching solution is sprayed on the both sides of the substrate, which are thus etched, thereby 
fonning rough surfaces 1 54 on the entire surfaces of the conductor circuits 558 (Including the via holes 560) (Rg. 29(C)). 

(18) The steps of (12) to (17) are further repeated, thereby fonning interiayer resin Insulating layers 541, conductor 
circuits 559 (including via holes 564) and rough surfaces 565 further above (Fig. 29(D)). 

[0214] Later steps are the same as those of (1 6) to (1 9) in the first embodiment stated above, which description will 
not be, therefore, given herein, 

[0215] The mounting of the IC chip 490 on the printed circuit board 41 0 completed through the above steps and the 
attachment of the printed circuit board 410 to the daughter board 495 are the same as those In the first embodiment, 
whrch description will not be, therefore, given herein. 

[Rrst Other Example of TTiird Embodiment] 

[021 6] A printed circuit board according to the first other example of the third embodiment of the present invention will 
be described hereinafter with reference to Rg. 32. The printed circuit board in the first other example is almost the same 
as the printed circuit board in the third embodiment stated above. However, in the printed circuit board In the first other 
example, conductive connection pins 496 are provided at the printed circuit board and the printed circuit is connected 
to a daughter* board through the conductive connection pins 496, 

[0217] Further, in the third embodiment stated above, only the chip capacitors 420 contained in the core substrate 
430 are provided, in this example, mass storage chip capacitors 486 are mounted on the front and reverse sides of the 
substrate. 
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[0218] The IC chip momentarily consumes high power and perfomns complex arithmetic operation. In the first other 
example, to supply high power to the IC chip, chip capacitors 420 and chip capacitors 486forpower supply are provided. 
The advantage derived from these chip capacitors will be described with reference to Rg. 12. 
[0219] Rg. 12 is a graph with a vertical axis indicating voltage supplied to the IC chip and a horizontal axis Indicating 
time. In Rg. 12, two-dot chain line C denotes the voltage variation of a printed circuit board which is not provided with 
power supply capacitors. If power supply capacitors are not provided, voltage attenuates greatly. A broken line A denotes 
the voltage variation of a printed circuit board having chip capadtors mounted on the surfaces thereof. Compared with 
the two-dot chain line C, voltage does not drop greatly. However, sincelooplength is larger, rate-controlled power supply 
cannot be conducted sufficiently. Namely, at the start of the supply of power, voltage falls. Further, a chain dotted fine 
B denotes the voltage drop of a printed circuit board including the chip capacitors described above with reference to 
Rg. 31. In this case, loop length can be shortened; however, mass storage chip capacitors cannot be contained in a 
core substrate 430 and voltage, therefore, varies. Here, a solid line E denotes the voltage variation of the printed circuit 
board in the first other example which printed circuit board has the chip capacitors 420 mounted in the core substrate 
and the mass storage chip capacitors 486 mounted on the surfaces thereof. Voltage variation is minimized by providing 
the chip capacitors 420 and the mass storage chip capacitors 486 (having relatively high Inductance) in the vicinity of 
the IC chip. 


[First Modification of Third Embodiment] 


20 [0220] Next, a printed circuit board 41 4 according to the first mod'ification of the third embodiment will be described 
with reference to Rg. 36. The printed circuit board in the first modification of the third embodiment is almost the same 
in constitution as the printed circuit board in the third embodiment stated above. In the third embodiment described 
above with reference to Fig. 30, each conductor circuit 458 consists of three layers, i.e., the copper foil 432, the Ni-Cu 
metal layer 448 and the electroplated film 452. In the printed circuit board 414 in the first modification of the third 

25 embodiment, by contrast, each conductor circuit 468 consists of two layere. I.e., an electroless plated film 443 and an 
electroplated film 462. Namely, the copperfoil 432 is removed and thickness is reduced, thereby fomiing the conductor 
circuit 458 at fine pitch. 

[0221] In addition, in the printed circuit board 41 4 in the first modification of the third embodiment, conductor circuits 
435 are formed on the both sides of the second resin substrate 430b provided with an opening 430B for containing chip 
30 capac'rtore 420. In the first modification of the third embodiment, since the conductor circuits 435 are formed on the both 
sides of the second resin substrate 430b provided with the opening 4308 for containing the chip capacltore 420, it is 
possible to Increase wiring density within the core substrate 430 and to reduce the number of interiayer resin insulating 
layers to be built up. 

[0222] Furthermore, as shown in Rg. 1 3(A), in the chip capacitor 420 of the printed circuit board in the first modification 

35 of the third embodiment, afterthe coating layers (not shown) of the first and second electrodes 421 and 422 are completely 
separated, the first and second electrodes 421 and 422 are coated with copper plated films 29. TTie first and second 
electrodes 421 and 422 each coated with the copper plated film 29 are electrically connected to each other by via holes 
460 made of a copper plated material. Here, the electrodes 421 and 422 of the chip capacitor are made by metalization 
and have irregular portions on the surfaces thereof. Due to this, if the substrate is used while exposing the metal layers, 

40 the resin may sometimes remain on the in'egular portions in the step of providing non-penetrating holes 442 in the first 
resin substrate 430a. At this time, the resin residue causes connection defects between the first, second electrodes 421 , 
422 and the via holes 460. In the first mod'ification of the third embodiment, by contrast, since the surfaces of the first 
and second electrodes 421 and 422 are smoothed by the copper plated films 29, n'o resin remains when providing 
openings 442 in the coated first resin substrate 430a on the electrodes and the reliability of the connection between the 

45 electrodes 421 , 422 and the via holes 460 when fomiing the via holes 460 can be enhanced. 

[0223] Furthemriore, the via holes 460 are fomied by plating In the electrodes 421 and 422 having the copper plated 
films 29 formed thereon, respectively, the connection characteristic between the electrodes 421 , 422 and the via holes 
460 is good and disconnection does not occur between the electrodes 421, 422 and the via holes 460 even If a heat 
cycle test Is conducted. Besides, no migration occurs and no disadvantages are derived in the connection section of the 

50 via holes of the capacitors. 

[0224] The copper plated films 29 are provided after the nickel / tin layer (coating layer) coated on the surface of each 
metal layer 26 in a phase of manufacturing chip capacitors is separated In a phase of mounting the chip capacitore on 
the printed circuit board. Alternatively, the copper plated filn^ts 29 can be directly coated on the metal layers 26 in the 
phase of manufacturing the chip capacitors 420. Namely, in the first modification of the third embodiment, as in the case 

55 of the third embodiment, after openings reaching the copper plated filnns 29 of the electrodes are provided by applying 
laser, a de-smear process is perfonmed to thereby fomi via holes by copper plating. Accordingly, even if an oxide film 
is f omied on the surface of the copper plated film 29, the oxide film can be removed by the laser and de-smear processes, 
thereby making it possible to establish connection appropriately. 
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[0225] Further, rough layers 23a are provided on the surfaces of a dielectric 423 of each chip capacitor 420 which 
dielectric is made of ceramic. Due to this, the adhesiveness between the chip capacitors 420 made of ceramic and the 
resin substrates 438a and 438bmade of a resin Is high and the first resin substrate 430a is not separated on the interface 
therebetween even if a heat cyde test is conducted. The rough layers 23a can be fomied by polishing the surfaces of 
the chip capacitors 420 after sintering them or by roughing the surfaces before sintering them. In the first modrfication 
of the third embodiment, the surfaces of the capacitors are roughed and the adhesiveness between the capacitors and 
the resin is thereby enhanced. Alternatively, a silane coupling process can be conducted to the surfaces of the capacitors. 
[0226] As shown In Rg. 1 3 (B), It is also possible to employ the first and second electrodes 21 and 22 of the capacitors 
420 while removing part of the coats 28 of the electrodes 21 and 22. This is because connection characteristics can be 
enhanced by exposing the first and second electrodes 21 and 22. 

[0227] A process for manufacturing the printed circuit board according to the first mod'tficatlon of the third embodiment 
of the present invention will be described with reference to Rgs. 33 to 35. 

(1 ) One-sided copper-clad laminated plates 430M (the first resin substrate 430a and the third resin substrate 430c) each 
having a copper foil 432 laminated on one side of a resin substrate having a core having a thickness of 0.1 mm and 
made of glass doth or the like whfch a BT (Bismaleimide-Triazine) resin is impregnated Into and hardened in, is prepared. 
Also, a two-sided copper-clad laminated plate 430N (the second resin substrate 430b) having a copper foil 432 laminated 
on the both sides of a resin substrate having a core having a' thickness of 0.4 mm and made of glass cloth or the like 
which a BT (Bismaleimide-Triazine) resin is impregnated into and hardened in, is prepared (Rg. 33(A)). 

(2) Next, the copper foil 432 of each copper-clad laminated plate 430M is etched into a pattern, thereby fonming openings 
432a for* fomning via holes are formed. Likewise, the copper foils 432 of the both-sided copper-clad laminated plate 
430N are etched into a pattern, thereby fomfiing conductor circuits 435 (Rg. 33(B)). In the first modification of the third 
embodiment, the conductor circuits 435 are fonned on the both sides of the second resin substrate 430b, so that the 
wiring density of the core substrate can be advantageously increased and that the number of interlayer resin insulating 
layers to be built up can be advantageously reduced. 

(3) Using a printer, a themnosetting or UV hardening bonding material 436 is applied onto portions of the first resin 
substrate 430a on which the copper foils 432 are not laminated (Rg. 33 (C)). Instead of the application of the bonding 
material, potting may be performed. 

Next, a plurality of chip capadtors 420 made of ceramic are mounted on the bonding material 436 and bonded to the 
first resin substrate 430a through the bonding material 436 (Rg. 33(D)). Either one or a plurality of chip capacitors 420 
may be provided; however, if a plurality of chip capacitors 420 are employed, the high integration of the capacitors can 
be realized. 

(4) Then, resin layers for bonding (bonding resin layers) 438a and 438b each having a core made of glass doth or the 
like and impregnated with an epoxy resin as well as the second resin layer 430b are prepared. Openings 36A and 430B 
capable of containing the chip capacitors 420 are fomned in the bonding resin layer 438a and the second resin layer 
430b, respectively. Rrst, the second resin substrate 430b is mounted on the third resin substrate 430c through the.bonding 
resin layer 438b with the surface of the third resin substrate 430c laminated with the copper foil 432 directed downward. 
Next, the first resin substrate 430a Is Inverted and mounted on the second resin substrate 430b through the bonding 
resin layer 438a. Namely, the first resin substrate 430a is superposed on the second resin substrate 430b so that the 
chip capacitors 420 can be contained in the opening 430B fomned in the second resin substrate 430b (Rg. 34(A)). By 
doing so, the chip capacitors 420 can be contained in the core substrate 430 and the printed circuit board having reduced 
loop inductance can be provided. 

(5) The superposed substrates are pressurized using a themnal press, thereby integrating the first, second and third 
resin substrates 430a. 430b and 430c in a multilayer manner and fomiing the core substrate 430 having a plurality of 
chip capacitors 420 (Rg. 34(B)). 

In this embodiment, the epoxy resin flowing out of the bonding resin layers is filled In gaps within the openings 430B. 
Alternatively, filler may be arranged In the openings 430B. 

Since the both sides of the core substrate 430 are the first resin substrate 430a and the third resin substrate 430c which 
are smooth, respectively, the interiayer resin insulating layers 540, 541 , the conductor drcuils 558, 559 and the via holes 
560 and 564 can be appropriately fomned In steps to be described later without damaging the smoothness of the core 
substrate 430 and the probability of the occun-ence of defective printed circuit boards can be decreased. Further, the 
core substrate 430 can obtain sufficient strength. 

(6) Next, the exposed regions of the copper foils 432 from the openings 432a for fonning the via holes are removed by 
applying laser and openings 442 for via holes reaching the first and second electrodes 421 and 422 of the chip capacitors 
420 are formed. Namely, using the copper foils 432 as conformal masks, the openings 442 for the via holes are formed 
in the core substrate 430. Then, the same step is executed to the other side of the substrata (Fig. 34(C)). As a result, 
the opening diameters of the via holes depend on the opening diameters of the openings 432a of the copper foils 432 
for fonning the via holes, thereby making it possible to form each via hole to have an appropriate diameter. Likewise, 
the positional accuracy of the via hole openings depends on the opening positions of the openings 432a of the copper 
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foil 432 for forming the via holes, thereby making it possible to fonm the via holes at appropriate positions even if the 
positional accuracy of the laser application is low. 

(7) Thereafter, the copper foils 432 on the both sides of the core substrate 430 are etched by using an etching solution 
and thereby removed. By doing so, ft is possible to form the thinner conductor circuits 458 In the later step to be described 

5 later and fonn the circuits 458 at fine pitch. 

Next, penetrating holes 444 for through holes are fomied in the core substrate 430 by drilling or applying laser (Rg. 34 
(D)). Thereafter, a de-smear process is perfonned using oxygen plasma. Altematlvely, a de-smear process using chem- 
icals such as permanganate may be perfonned. 

(8) Next, using SV-4540 manufactured by ULVAC JAPAN, Ltd., a plasma process is perfonned to fomn rough surfaces 
10 446 on the entire surfaces of the core substrate 430 (Rg. 35(A)). The plasma process is perfonned for two minutes while 

using, as Inert gas, argon gas on conditions of power of 200 W, a gas pressure of 0. 6 Pa and a temperature of 70**C. 
Alternatively, a roughing process may be perfonned using an acid or an oxidizer. The rough layers are preferably 0.1 
to 5 |im thick. 

(9) Next, the substrate 430 is immersed in an electroless copper plating solution having the following composition to 
15 thereby fonm electroless copper plated films 443 each having a thickness of 0. 6 to 3. 0 jun on the entirety of the rough 

surfaces 446 (Rg. 35(B)). 

[Electroless Plating Solution] 

NiS04 0.003 mol// 

^ tartaric acid 0.200 mol// 

copper sulfate 0.043 mol// 

HCHO 0.050 mol// 

NaOH 0.100 mol// 

25 a,a'-bipyridyl 40 mg// 

polyethylene glycol (PEG) 0.1 0 g// 


[Electroless Plating Conditions] 
^ 40 minutes at a solution temperature of 35''C. 

While electroless plating Is employed In this embodiment, metal layers of copper, nfckel or the like may be formed by 
sputtering. In some cases, after forming the layers by sputtering, electroless plated films may be fomned. 

35 (10) Commercially available photosensitive dry films are bonded onto the electroless copper plated films 493. Masks 
are mounted on the films, respectively and the films are exposed with 1 00 mJ/cm^ and developed with a 0.8% sodium 
cariDonate solution, thereby providing plating resists 450 each having a thickness of 30 jim. Then, the substrate 430 is 
washed with water of a temperature of SO'C and degreased, washed with water of a temperature of 25'C and with a 
sulfuric acid, and subjected to copper electroplating on the following conditions, thereby fomnlng electroplated copper 

40 films 452 each having a thk^kness of 20 pjn (Rg, 35(C)). 

[Electroplating Solution] 

Sulfuric acid 2.24 mol// 

Copper sulfate 0.26 mol// 

Additive 19.5 mol// 

(Kaparacid HL manufactured by Atotech Japan) 


[Electroplating Conditions] 
Current densfty 1 fiJdrn^ 
Duration 65 minutes 

temperature 22±2*'C 

(11) After separating and removing the resists 450 with 5% NaOH. the electroless plated films 443 under the resists 
450 are dissolved and removed by etching with an etching solution of a mixture of a sulfuric acid and hydrogen peroxide, 
thereby forming conductor circuits 458 (including via holes 460) and through holes 466 each consisting of the electroless 
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copper plated film 443 and the electroplated copper film 452 each having a thickness of 1 8 |im (Fig. 35(D)). In the first 
modification of the third embodiment, the copper foils 432 are removed in advance as stated above, whereby the 
conductor films 468 can made thinner and fonned at fine pitch. While the copper foils 432 are completely separated 
In this modification, it Is also possible to malcethe conductor circuits 458 thinner and fomi the conductor circuits 458 
at fine pitch by making the copper foils 432 thinner by light etching. 

[0228] Later steps are the same as those of (1 0) to (1 8) in the third embodiment stated above, which description will 
not be, therefore, given herein. 

[0229] In the first modrication of the third embodiment stated above, the via holes are provided on the both sides of 
the core substrate. It is also possible to fomi via holes only on one side of the substrate. Further, the openings 432a of 
the copper foils 432 on the surfaces of the core substrate 430 are employed as conformal masks in this modification. It 
is also possible to provide openings reaching the capacitors by applying laser without employing the conformal masks 
of the core substrate 430. 

[Second Modification of Third Embodiment] 

[0230] Next, the constitution of a printed drcuit board according to the second modification of the third embodiment 
will be described with reference to Fig. 1 4. 

[0231] The printed circuit board in the second modification is almost the same in constitution as the printed circuit 
board in the first embodiment stated above. They, however, differ in chip capacitors 20 contained In the core substrate 
30. Rg. 1 4 is a plan view of chip capacitors. F\g. 14 (A) shows a chip capacitor before being cut for providing a plurality 
of chip capacitors. In Rg. 14(A), a dashed line denotes a cut line. As shown in Rg. 1 4 (B), in the printed circuit board in 
the first embodiment stated above, the first electrodes 21 and the second electrodes 22 are provided on the edges of 
the chip capacitor. Rg. 14 (C) shows a chip capacitor before being cut for providing a plurality of chip capacitors in the 
second modification. In Fig. 1 4(C), a dashed line denotes a cut line. In the printed drcuit board In the second modification, 
as shown in the plan view of Fig. 14 (D), first electrodes 21 and second electrodes 22 are provided inside of the edges 
of the chip capacitor. 

[0232] In the printed circuit board in the second modification, the chip capacitors 20 each having electrodes formed 
inside of the outer edges thereof are employed, so that mass storage chip capacitors can be ernployed. 
[0233] Next, a printed drcurt board according to the first other example of the second modification will be described 
with reference to Fig. 15. 

[0234] Fig. 1 5 is a plan view of a chip capacitor 20 contained in the core substrate of the printed drcuit board according 
to the first other example. In the first embodiment stated above, a plurality of small storage chip capadtors are contained 
In the core substrate. In the first other example, by contrast, a large, mass storage chip capacitor 20 is contained in the 
core substrate. The chip capacitor 20 consists of the first electrodes 21, the second electrodes 22, a dielectric 23, the 
first conductive films 24 connected to the first electrodes 21 , the second conductive films 25 connected to the second 
electrodes 22, e!edrodes27 which are not connededto the first andsecondconductivefilnris24 and 25, fortheconn^^^ 
of the upper and lower surfaces of the chip capacitor. The IC chip and the daughter board are connected to each other 
through the electrodes 27. 

[0235] Since the large chip capacitor Is employed in the printed circuit board in the first modification, it Is possible to 
employ a mass storage chip capacitor. Further, since the large chip capacitor 20 Is employed, the printed circuit board • 
does not warp even if a heat cycle Is pertonned repeatedly. 

[0236] Next, a printed circuit board according to the second other example of the second modification will be described 
with reference to Rg. 1 6. Rg. 1 6 (A) shows a chip capacitor before being cut for providing a pluralrty of chip capacitors. 
In Rg. 16 (A), a dashed line denotes an ordinary cut line. Rg. 1 6 (B) is a plan view of the chip capacitors. As shown in 
Fig. 16(B), a plurality of (or In Fig. 16(B), three) chip capacitors for providing multiple capacitors are coupled to one 
another and employed as a large capacitor as a whole. 

[0237] In the second other example, since the large chip capadtor 20 is employed, it is possible to employ a mass 
storage chip capacitor. Further, since the large chip capacitor 20 Is employed, the printed circuit board does not warp 
even if a heat cyde is performed repeatedly. 

[0238] In the embodiment stated above, the chip capadtors are built in the printed drcuit board. Altematively, plate- 
like capacrtors each constituted by providing a conductive film on a ceramic plate may be employed instead of the chip 

capacitors. 

[0239] The structure of the third embodiment makes it possible to contain the capacitors in the core substrate and to 
shorten the distance between the IC chip and each capacitor, thereby redudng the loop inductance of the printed drcuit 
board. Further, since the printed circuit board is constituted by providing resin substrates in a multilayer manner, the 
core substrate can obtain sufficient strength. Besides, the first resin substrate and the third resin substrate are provided 
on the both sides of the core substrate, respectively, thereby constituting the core substrate smoothly. Thus, It is possible 
to appropriately form Interiayer resin insulating layers and conductor drcute on the core substrate and to thereby decrease 
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the probability of the occurrence of defective printed circuit boards. 

[0240] In addition, by adopting the nnanufacturing method of the third embodinnent. the opening diameters of the via 
holes depend on the opening diameters of the openings of metal films, so that it is possible to f omi each via hole to have 
an appropriate diameter. Likewise, the positional accuracy of the via hole openings depends on the opening positions 
s of the openings of the metal films, so^that it is* possible to f onn the via holes at appropriate positions even if the positional 
accuracy of the laser application is low. 

[0241] Since it is possible to connect the substrate from the lower portions of the capacitors, the structure allows 
reducing the loop inductance and increasing the degree of freedom for arrangement 

[0242] Moreover, since the resin is filled between the core substrate and the capacitors, a stress resulting from the 
^0 capacitors or the like can be reduced even if it occurs and no migration occurs. Due to this, there is no fear that the 
electrodes of the capacitors are separated from the connection sections of the via holes and dissolved. Thus, it is possible 
to maintain desired perfonnance even if a reliability test is executed. 

[0243] In addition, even if the capacitors are coated with copper, it is possible to prevent the occurrence of migration. 
^5 [Fourth Embodiment] 

[0244] A printed circuit board according to the fourth embodiment of the present Invention will be described hereinafter 
with reference to Figs. 42 to 44. Rg. 42 is a cross-sectional view of a printed circuit board 610. Rg. 43 shows a state in 
whfch an IC chip 690 is mounted on the printed circuit board 61 0 shown in Rg. 42 and that the printed circuit board 61 0 
20 is attached to a daughter board 694. Rg. 44(A) Is an enlarged view of a via hole 660 shown in Rg. 42. Rg. 44(B) is a 
typfcal view showing a state in which a plurality of via holes 760 are provided in the via hole 660 shown in Rg. 44 (A), 
which view is seen from an anrow B side. 

[0245] As shown in Rg. 42, the printed circuit board 61 0 consists of a core substrate 630 containing a plurality of chip 
capacitors 620, and buildup wiring layers 680A and 6808. Relatively large via holes 660 are connected to the electrodes 

25 621 and 622 of the plural chip capacitors 620 contained in the core substrate 630. Each of the buildup wiring layers 
680A and 680B consists of interlayer resin insulating layers 740 and 741. Conductor circuits 758 and relatively small 
via holes 760 are fomied on the interiayer resin insulating layers 740, whereas conductor circuits 759 and relatively 
small via holes 764 are formed on the interiayer resin insulating layera 741. Solder resist layers 670 are provided on the 
interlayer resin insulating layers 741 , respectwely. 

30 [0246] As shown in Rg. 13(A), each of the chip capacitors 620 consists of the first electrode 621 , the second electrode 
622 and a dielectric 23 put between the first and second electrodes. A plurality of pairs of the first conductive films 24 
connected to the first electrode 621 side and the second conductive films 25 connected to the second electrode 622 
side are arranged on the dielectric 23 to face one another. It Is noted that as shown in Rg. 13(B), part of coats 28 of the 
firet electrodes 21 and the second electrodes 22 of the capacitors 620 can be removed. This is because the connection 

35 characteristics with respect to the via holes made by plating can be enhanced by exposing the first and second electrodes 
21 and 22. 

[0247] As shown In Rg. 43, solder bumps 676U to be connected to the pads 692 of the IC chip 690 are formed on the 
via hole 764 of the upper buildup wiring layer 680A. Solder bumps 676D to be connected to the pads 694 of the daughter 
board 695 are fonned on the via holes 764 of the lower buildup wiring layer 6808. 
*o [0248] A resin substrate is employed as the core substrate. For example; a resin material used for an ordinary printed 
circuit board such as a glass epoxy resin Impregnated material, a phenol resin impregnated material or the like can be 
employed. However, substrates made of ceramic or AIN cannot employed as the core substrate. This is because such 
a substrate has poor wori<ability for the outside shape thereof, sometimes cannot contain capacitors and has gaps even 
if filled with a resin. 

« [0249] Also, a plurality of chip capacitors 620 are contained in a concave portion 734 fomied in the core substrate, so 
that it is possible to an^nge the chip capacitors 620 with high density. Further, since a pluraPrty of chip capacitors 620 
are contained in the concave portion 734, it is possible to make the heights of the chip capacitors 620 uniform. Due to 
this, the thteknesses of the resin layers 640 on the chip capacitora 620 can be made unifomi. so that it is possible to 
appropriately form via holes 660. Besides, since the distance between the 10 chip 690 and each chip capacitor 620 

'O becomes shorter, rt is possible to reduce loop Inductance. 

[0250] In addition, as shown In Rg. 44 (A) which is an enlarged view of the via hole 660 shown in Rgs. 42 and 43. a 
plurality of via holes 760 in the upper buildup wiring layer 680A are connected to one via hole 660. The large via hole 
660 as shown in Rg. 44(B) is fonned to have an inside diameter of 125 jim and a land diameter of 165 pim, the small 
via hole 760 is formed to have an inside diameter of 25 |im and a land diameter of 65 ixxn. On the other hand, the chip 

s capacitors 620 are formed rectangularty and the first electrode 621 and the second electrode 622 of each capacitor are 
formed rectangularty to have one side of 250 jim. Due to this, even if the positions at which the chip capacitors are 
arranged are shifted by several tens of pin, It Is possible to establish connection behveen the first electrodes 621 and 
the second electrodes 622 of the chip capacitors 620 and the via holes 660, thereby ensuring the supply of power from 
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the chip capacitors 620 to the IC chip 690. Further, by providing a plurality of via holes 760, the same effect as that of 
connecting inductances in parallel. Due to this, the high frequency characteristics of pov/er supply lines and ground lines 
are enhanced, thereby making it possible to prevent the malfunction of the IC chip due to lack of supply of power or the 
variation of earth level Moreover, since the wiring length to each chip capacitor 620 from the IC chip can be shortened. 

5 it is possible to reduce loop inductance. 

[0251] As shown in Fig. 42, the via holes 660 are fomfied as filled via holes filled with a platedmaterial and having flat 
surfaces. This makes It possible to directly connect a plurality of via holes 760 onto the via hole 660. Thus, it is possible 
to enhance the characteristics of the connection between the via holes 660 and 760 and to ensure the supply of power 
from the chip capacitors 620 to the IC chip 690. In this embodiment, the filled via holes are formed by filling a plated 

10 material within the holes. It is also possible to employ filled via holes each having a metal film provided on the front 
surface after f illing a resin in the holes. 

[0252] The coefficients of themnal expansion of resin filler 633 and a bonding material 636 below the chip capacitors 
620 are set lower than those of the core substrate 630 and resin insulating layers 640, i.e., set close to those of the chip 
capacitors 620 made of ceramte. Due to this, even if an internal stress resulting from difference in the coefficient of 
IS themial expansion occurs among the core substrate 630, the resin insulating layers 640 and the chip capacitors 620 
during a heat cycle test, cracks, separation and the like less occurs to the core substrate 630 and the resin insulating 
layers 640, thereby making it possible to attain high reliability. 

[0253] Furthemnore, since through holes 656 are fomned in the resin layers 633 between the chip capadtore 620, no 
signal lines pass through the chip capacitors 620 made of ceramic. Thus, propagation delay caused by reflection due 

^ to the discontinuous impedance by a high dielectric and the passage of the high dielectric does not occur. 

[0254] As shown in Fig. 13 (A), in the chip capacitor 620, a copper plated film 29 is coated on the surface of a metal 
layer 26 constituting the first electrode 621 and the second electrode 622. The plated film coat is fomried by plating such 
as electroplating and electroless plating. As shown in Rg. 42, the first and second electrodes 621 and 622 coated with 
the copper plated films 29 are electrically connected to the via holes 650 made of a copper plated material. Here, the 

25 electrodes 621 and 622 of the chip capacitors are fonmed by metalization and have Irregular portions on the surfaces 
thereof. Due to this, if the substrate is used while exposing the metal layers 26, resin may sometimes remain on the 
irregular portions in a step of providing openings 639 in resin insulating layers 640 as will be described later. At this time, 
the resin residue causes connection defects between the first, second electrodes 621 and 622 and the via holes 660. 
To prevent this, the surfaces of the first and second electrodes 621 and 622 are smoothed by the copper plated films 

30 29. Thus, no resin remains when providing the openings 639 in the resin insulating layers 640 coated on the electrodes 
and the reliability of the connection between the electrodes 621 , 622 and the via holes 660 when forming the via holes 
660 can be enhanced. 

[0255] Furthemiore, since the via holes 660 are formed by plating in the electrodes 621 and 622 having the copper 
plated films 29 fomned thereon, respectively, the characteristic of the connection between the electrodes 621 , 622 and 
35 the via holes 660 is high and disconnection does not occur between the electrodes 621 , 622 and the via holes 660 even 
rf a heat cycle test is conducted. 

[0256] The copper plated films 29 are provided after the nickel / tin layer (coating layer) coated on the surface of each 
metal layer 26 in a phase of manufacturing chip capacitors is separated in a phase of mounting the chip capacitors on 
the printed circuit board. Alternatively, the copper plated films 29 can be directly coated on the metal layers 26 in the 

40 phase of manufacturing the chip capacitors 220. Namely, in this embodiment, after openings reaching the copper plated 
films 2 9 of the electrodes are provided by applying laser, a de:smear process Is perfonned to thereby fomi via holes 
by copper plating. Accordingly, even if an oxide film is formed on the surface of the copper plated film 29, the oxide film 
can be removed by the laser and de-smear processes, thereby making it possible to establish connection appropriately. 
[0257] Further, rough layers 23a may be provided on the surfaces of the dielectrics 23 of the chip capacitors 620 

^ which dielectrics are made of ceramic. By doing so, the adhesiveness between the chip capacitors 620 made of ceramk: 
and the interiayer resin insulating layer 640 made of a resin is high and the interiayer resin insulating layer 640 is not 
separated on the interface therebetween even if a heat cycle test is conducted. The rough layers 23a can be fomned by 
polishing the surfaces of the chip capacitors 620 after sintering them or by roughing the surfaces before sintering them. 
In this embodiment, the surfaces of the capacitors are roughed and the adhesiveness between each capacitor and the 

so resin is thereby enhanced. Alternatively, a silane coupling process can be conducted to the surfaces of the capacitors. 
[0258] Next, a method of manufacturing the printed circuit board described above with reference to Fig. 42 will be 
described with reference to Figs. 37 to 42. 

(1) Rrst a core substrate 630 consisting of an insulating resin substrate is employed as starting material (Rg. 37 (A)). 
Next, a concave portion 734 for providing capacitors therein is formed on one side of the core substrate 630 by conducting 

ss spot facing or by providing a through hole in the insulating resin, followed by pressing and bonding (Rg. 37(B)). The 
concave portion 734 is fonmed to be wider than an area in whfeh a plurality of capacitors can be anranged. By doing so. 
It is possible to ensure that a plurality of capacitors are provided in the core substrate 630. 

(2) Then, using a printer, a bonding material 636 is applied onto the concave portion 734 (Rg. 37(C)). Alternatively, the 
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bonding material can be applied onto the concave portion by a potting, a die-bonding method, a method of applying a 
bonding sheet or the like. As the bonding material 636, one having a lower coefficient of expansion than that of the core 
substrate is employed. Next, a plurality of chip capacitors 620 made of ceramic are bonded to the concave portion 734 
through the bonding material 636 (Rg. 37(D)). Here, by providing a plurality of capacitors 620 In the concave portion 
5 734 having a flat base, the heights of the plural chip capacitors 620 are made uniform. Therefore, it is possible to form 
interiayer resin insulating layers 640 on the core substrate 630 to have uniform thickness and to appropriately form via 
holes 660 in later steps. 

then, the upper surfaces of the plural chip capacitors 620 are pressed or struck to thereby make the heights of the 
capacitors 620 unifomn (Rg. 37(E)). Through this step, in providing a plurality of chip capacitors 620 within the concave 
10 portion 734, the heights of the chip capacitors 620 can be made completely uniform and the core substrate 630 can be 
made smooth even if the sizes of the plural chip capacitors 620 are uneven. 

(3) Thereafter, a themiosetting resin Is filled between the chip capacitors 620 within the concave portion 734, heated 
and hardened to thereby form an interiayer rein insulating layer 633 (Rg. 38(A)). As the thermosetting resin, an epoxy 
resin, a phenol resin, a polyimide resin or a triazine resin is preferable. As a result, the chip capacitors 620 within the 

w concave portion 734 can be fixed. The resin layer 633 having a lower coefficient of thermal expansion than that of the 
core substrate is employed. 

Alternatively, a thermoplastic resin may be employed. It is also possible to impregnate filler in a resin so as to match the 
coefficient of thermal expansion. The filler involves, for example, inorganic filler, ceramte filler, metal filler and the like. 

(4) Further, using the printer, an epoxy resin or a polyolefin resin is applied on the resultant substrate to thereby fomn a 
20 resin insulating layer 640 (Rg. 38(B)). Instead of applying a resin, a resin film may be bonded. 

Alternatively, one type or more of a thenmosetting resin, a thennoplastic resin, a complex of a photosensitive resin, a 
themnosetting resin and a themnoplastic resin, a complex of a photosensitive resin and a thermoplastic resin and the 
like can be employed. Two layers may be constituted using them. 

(5) Next, openings 639 for relatively large via holes are fonned In the resin insulating layer 640 by applying laser (Rg. 
25 38(C)). A de-smear process follows. Instead of applying laser, exposure and development processes can be perfomried. 

Holes 644 for through holes are fonmed in the resin layer 633 by drilling or applying laser, heated and hardened (Rg. 
38(D)). In some cases, a roughing process using an acid or an oxidizer or a roughing process ty a plasma process may 
be performed. By doing so, the adhesiveness of the rough layers Is ensured. 

(6) Thereafter, a copper plated film 729 is fomied on the surface of the resin insulating layer 640 by electroless copper 
30 plating (Rg. 39(A)). Instead of electroless plating, sputtering may be conducted with Ni and Cu as targets to form an Ni- 

Cu metal layer. Altematively, after fonming the metal layer by sputtering, an electroless plated film may be fomned. 

(7) Next, photosensitive dry films are bonded onto the surfaces of the copper plated films 729, exposed and developed 
while mounting masks, thereby forming resists 649 each having a predetennined pattem. The core substrate 630 is 
immersed in an electroplating solution, current is applied through the copper plated films 729 and electroplated plates 

35 651 are fonmed on portions on which the resists 649 are not fomied (Rg. 39(B)). 

(8) After separating and removing the plating resists 649 with 5% NaOH, the copper plated films 729 under the plating 
resists 649 are etched, dissolved and removed by a solution mixture of a sulfuric acid and hydrogen peroxide, thereby 
fomiing relative large via holes 660 and through holes 656 each having a filled via hole stmcture consisting of the copper 
plated film 729 and the electroplated copper film 651 . The diameters of the large via holes are preferably within a range 

40 of 1 00 to 600 jtm. The diameters are more preferably 1 25 to 350 jtm. In this case, the large via holes are each formed 
to have a diameter of 165 jtm. The through holes are each formed to have a diameter of 250 p.m. An etching solutfon 
is sprayed on the both sides of the substrate 630 to etch the surfaces of the via holes 660 and the land surfaces of the 
through holes 656, thereby forming rough surfaces 660a on the entire surfaces of the via holes 660 and the through 
holes 656 (Rg. 39(C)). 

45 (9) Thereafter, resin filler 664 mainly consisting of an epoxy resin is filled in the through holes 656, and dried (Rg. 39 (D)). 

(1 0) Thermosetting epoxy resin sheets each having a thickness of 50 jtm are laminated by vacuum pressing on the both 
sides of the substrate 630 which has been subjected to the above-stated steps, respectively, at a pressure of 5 kg/cm^ 
while raising temperature to 50 to 1 50"C to thereby provide interiayer resin insulating layers 740 made of an epoxy resin 
(Rg. 40(A)). The degree of vacuum during vacuum pressing is lOmmHg. A cycloolefin resin instead of the epoxy resin 

50 can be employed. 

(11) Next, openings 642 for relatively small via holes are fomied in the interiayer resin insulating layers 740 having a 
thickness of 65 p,m by applying COg gas laser (Rg. 40(B)) The diameters of the relatively small via holes are preferable 
in a range of 25 to 100 |i.m. Then, a de-smear process is performed using oxygen plasma. 

(12) Next, using SV-4540 manufactured by ULVAC JAPAN, Ltd., a plasma process is performed to rough the surfaces 
55 of the interiayer resin insulating layers 740, thereby forming rough surfaces 646 (Rg. 40(C)). The plasma process is 

perfonmed for two minutes while using, as inert gas, argon gas on conditions of power of 200 W, a gas pressure of 0.6 
Pa and a temperature of 70**C. The roughing process may be performed using either an acid or an oxidizer. The rough 
layers are preferably 0.1 to 5 \jjt\. 
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(13) Next, after exchanging argon gas contained inside, using the same device, sputtering is perfomied on conditions 
of an atmosperic pressure of 0.6 Pa, a temperature 80 ^'C, power of 200 W and a duration of 5 minites with Ni and Cu 
as targets and Ni-Cu metal layers 648 are fonned on the surfaces of the inter layer resin insulating layers 740, respectivety. 
At this time, the thickness of each of the fonned Ni-Cu metal layers 648 is 0.2 ^m (Rg. 40(D)). Plated films such as 

5 electroless plated films may be fomied or plated films may be fonmed on the sputtered surfaces. 

(14) Commercially available photosensitive dry films are bonded onto the both sides of the substrate 630 for which the 
above processes have been completed, photomask films are mounted thereon, the films are exposed with 1 00 mJ/cm^ 
and then developed with a 0.8% sodium carbonate solution, thereby providing plating resists 650 each having a thickness 
of 15 )im. Then, electroplating Is perfomned on the following conditions, thereby fomning electroplated films 652 each 

10 having a thickness of 1 5 jtm (Rg. 41 (A)). It is noted that additive contained in an electroplating solution is KaparacidHL 
manufactured by Atotech Japan. 

[Electroplating Solution] 
Sulfuric acid 2.24 mol// 

Copper sulfate 0.26 mol// 

Additive (Kaparacid HL 1 9.5 mol// 

manufactured by Atotech Japan) 


20 

[Electroplating Conditions] 
Cun-ent density 1 A/dm^ 
Duration 65 minutes 

Temperature 22±2*'C 

25 

(15) After separating and removing the resists 650 with 5% NaOH, the Ni-Cu metal layers 648 under the plating resists 
are dissolved and removed by etching using a solution mixture of a nitric acid, a sulfuric acid and hydrogen peroxide, 
thereby fonning conductor circuits 758 each consisting of the Ni-Cu metal layer 648 and the electroplated film 652 and 
^ a plurality of relatively small via holes 760 connected onto the via hole 660 (Rg. 41 (B)). In this embodiment, the via 
hole 660 is fomied to have a filled via hole structure, thereby making it possible to directly connect a plurality of via 
holes 760 to the via hole 660. 

[0259] Later steps are the same as those of (1 6) to (1 9) in the first embodiment stated above, whteh description will 

not be, therefore, given herein. 

35 [0260] Next, description will be given to the mounting of the IC chip on the printed circuit board 610 completed through 
the above-stated steps (Rg. 42) and to the attachment of the printed circuit board to the daughter board, with reference 
to Rg. 43. The IC chip 690 is mounted on the printed circuit board 610 thus completed so that the solder pads 692 of 
the IC chip 690 con-espond to the solder bumps 676U of the printed circuit board 61 0 and a reflow process is performed, 
thereby mounting the IC chip 690 on the printed circuit board 61 0. Likewise, a reflow process is perfomied so that the 

40 pads 694 of the daughter board 695 con-espond to the solder bumps 676D of the printed circuit board 610, thereby 
attaching the printed circuit board 61 0 to the daughter board 695. 

[0261 ] The above-stated resin contains a refractory resin, soluble particles, a hardening agent and other components, 
each of which is the same as that described in the first embodiment and will not be described herein. 

45 [Rrst Modification of Fourth Embodiment] 

[0262] Next, a printed circuit board 612 according to the first modification of the fourth embodiment of the present 
invention will be described with reference to Rg. 52. In the fourth embodiment stated above, description has been given 
to a case of arranging the BGA. The first modification of the fourth embodiment is almost the same as the fourth 
so embodiment However, as shown In Rg. 52, the printed circuit board in this modification is constituted into a PGA system 
establishing connection through conductive connection pins 696. 

[0263] Next, a method of manufacturing the printed circuit board stated above with reference to Rg. 32 will be described 
with reference to Rgs. 45 to 52. 

(1 ) Rrst, a through hole 733a for containing chip capacitors is formed In a multilayer plate 730a constituted by providing 
55 four bonding resin layers 638 impregnated with an epoxy resin. Also, a multilayer plate 730p constituted by providing 

two bonding resin layers 638 is prepared (Rg. 45(A)). Here, as the bonding resin layers 638, those containing a BT 
resin, a phenol resin or a reinforcing material such as glass cloth in addition to the epoxy resin can be employed. 

(2) Next, the multilayer plates 730a and 730p are press-contacted with each other, heated and hardened, thereby forming 
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a core substrate 630 provided with a concave portion 735 capable of containing a plurality of chip capacitors 620 (Rg 
46(B)). 

(3) Then, using potting (dispenser), a bonding material 636 Is applied to the positions of the concave portion 735 at 
which the capacrtors are to be arranged (Rg. 45(C)). Alternatively, the bonding material can be applied to the concave 
portion by a printing method, a die-bonding method, a method of applying bonding sheets or the like. Thereafter, a 
plurality of chip capadtons 620 made of ceramic are contained in the concave portion 735 through the bonding material 
636 (Rg. 45(D)). 

(4) Then, a thermosetting resin is filled between the chip capacitors 620 within the concave portion 735, heated and 
hardened, thereby fomning a resin layer 633 (Rg. 46(A)). At this time, as the thermosetting resin, an epoxy resin, a 
phenol resin, a polyimide resin or a triazine resin Is preferable. As a result, the chip capacitors 620 within the concave 
portion 735 can be fixed. 

(5) Further, using a printer, the epoxy or polyolefin resin described above is applied onto the resultant substrate to 
thereby fomi a resin insulating layer 640 (Rg. 46(B)). Alternatively, a resin film may be bonded instead of applying a resin. 

(6) Next, openings 639 for relatively large via holes are formed in the resin insulating layer 640 by exposure and devel- 
opment processes or by applying laser (Rg. 46(C)). The diameters of the relatively large via holes are preferable in a 
range of 100 to 600 jjim. Especially, the relatively large via holes are preferable in a range of 125 to 350 jim. In this 
case, the via holes are each fomried to have a diameter of 1 65 ^m. Holes 644 for through holes each having a diameter 
of 250 ftm are fomned In the resin layer 633 by drilling or by applying laser, heated and hardened (Rg. 46(D)). 

(7) A palladium catalyst is applied to the substrate 630. Then, the core substrate is immersed in an electroless plating 
solution to unifomily deposit electroless plated films 745 (Rg. 47(A)). Then, resin filler is filled in the openings 639 on 
which the electroless plated films 745 are respectively formed, and dried. By doing so, a resin layer 747 is formed in 
each opening 639 (Rg. 47(B)). 

(8) Thereafter, photosensitive dry films are bonded to the surfaces of the electroless plated films 745, masks are mounted 
thereon, exposure and development processes are performed, thereby fomiing resists 649 each having a predetermined 
pattern. The core substrate 630 is then immersed In an electroless plating solution, thereby fomiing plated covers 751 
each consisting of an electroless plated film (Rg. 47(C)). 

(9) After the above step, the resists 649 are separated with 5% NaOH. Thereafter, the electroless plated films 745 under 
the resists 649 are etched away with a solution mixture of a sulfuric acid and hydrogen peroxide, thereby forming relatively 
large via holes 661 of a filled via hole structure and through holes 656 (Rg. 47(D)), By constituting the via holes 661 to 
have the filled via hole structure, it Is possible to directly connect a plurality of via holes 760 to one via hole 661 in a step 
to be described later. 

(1 0) After the substrate 630 Is washed and degreased with an acid, the substrate 630 is subjected to soft-etching. Then, 
an etching solution is sprayed on the both sides of the substrate 630 to etch the surfaces of the via holes 661 and the 
land surfaces and inner walls of the through holes 656, thereby forming rough surfaces 663 on the entire surfaces of 
the via holes 661 and the through holes 656 (Rg. 48(A)). As the etching solution, an etching solution containing 1 0 parts 
by weight of an imidazole copper (II) complex. 7 parts by weight of a glycollc acid and 5 parts by weight of potassium 
chloride (MEC etch BOND manufactured by Mec Compamy Ltd.) is employed. 

(11) Next. 100 parts by weight of bisphenol F epoxy monomer (YL983U having a molecular weight of 310 and manu- 
factured by Yuka Shell), 170 parts by weight of SiOg spherical particles having a surface coated with a silane coupling 
agent, having a mean particle diameter of 1 . 6 jim and having a maximum particle diameter of 1 5 jtm or less (CRS 11-1- 
CE manufactured by ADTEC) and 1 .5 parts by weight of a leveling agent (PERENOL S4 manufactured by SANNOPCO) 
are stin-ed and mixed to thereby prepare resin filler 664 having a viscosity of 46 to 49 Pa-s at 23±1*C. As a hardening 
agent. 6.5 parts by weight of an imidazole hardening agent (2E4MZ-CN manufactured by Shikoku Chemicals) is em- 
ployed. 

Thereafter, the resin filler 664 is filled in the through holes 656 and dried (Rg. 48(B)). 

(12) Next, 30 parts by weight of a bisphenol A epoxy resin (Epicoat 1001 having an epoxy equivalent of 469 and 
manufactured by Yuka Shell), 40 parts by weight of a cresol novolac epoxy resin (Epichron N-673 having an epoxy 
equivalent of 215 and manufactured by Dainippon Ink & Chemfcals) and 30 parts by weight of a phenol novolac resin 
containing triazine structure (Phenolight KA-7052 having a phenol hydroxyl group equivalent of 120 and manufactured 
by Dainippon Ink & Chemicals) are heated and dissolved in 20 parts by weight of ethyl diglycol acetate and 20 parts by 
weight of solvent naphtha while being stin-ed. Then, 15 parts by weight of polybutadiene rubber having epoxy terminal 
(Denalex R>45EPT manufactured by Nagase Chemicals). 1 .5 parts by weight of pulverized 2-phenyl-4, 5 bls(hydroxyme- 
thyl) imidazole, 2partsbyweightofparticle-size reduced siPica and 0.5 parts by weight of a silicon defoaming agent are 
added thereto, thus preparing an epoxy resin composition. 

The obtained epoxy resin composition is applied onto a PET film having a thickness of 38 urn by using a roll coater so 
that the thickness of th e film is 50 jtm afte r the fi Im is dried, and dried at 80 to 1 20"C for 1 0 minutes, thereby manufacturing 
resin films for interiayer resin insulating layers. 

(13) The resin films for forming interiayer resin insulating layers slightly larger than the substrate 630 manufactured in 
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(12) are mounted on the both sides of the substrate, respectively, temporarily pressed on conditions of a pressure of 4 
kgf/cm2. a temperature of 80**C and a press duration of 10 seconds, and cut. Then, the resin films are bonded using a 
vacuum laminator device by the following method, thereby fomilng interlayer resin insulating layers 740 (Rg. 48(C)). 
Namely, the interlayer resin insulating films are actually pressed on the substrate 630 on conditions of the degree of 
5 vacuum of 0. 5 Torr, a pressure of 4 kgf/cm2 a temperature of SCC and a press duration of 60 seconds and then 
thermally hardened at 1 70''C for 30 minutes. 

(14) Next, openings 642 for relatively small via holes of 65 jun are fonmed in the Interlayer resin Insulating layers 740 
by applying COg gas laser through masks 757 In which penetrating holes 757a each having a thtekness of 1 .2 mm (Fig. 
48(D)) are fomned. The diameters of the relatively small via holes are preferably in a range of 25 to 1 00 p/n. 
10 (15) The substrate 630 having the via hole openings 642 fonned therein is immersed in a solution containing 60 g/l of 
a permanganate acid at a temperature of SO'^C for 10 minutes and epoxy resin particles existing on the surfaces of the 
interlayer resin insulating layers 740 are dissolved and removed, thereby forming rough surfaces 646 on the surfaces 
of the interlayer resin insulating layers 740 including tiie inner walls of the via hole openings 642 (Rg. 49(A)). The 
roughing process may be performed using an add or an oxidizer. The rough surfaces are preferably 0.6 to 5 jtm. 
IS (16) Next, the substrate 630, for which the above stated processes have been completed, is immersed in a neutral 
solution (manufactured by Sipliay) and washed. A palladium catalyst is applied to the surfaces of the substrate 630 which 
surfaces have been roughed (with a rough depth of 3 pjn). thereby attaching catalyst cores on the surfaces of the 
interlayer resin insulating layers 740 and the inner wall surfaces of the via hole openings 642. 
(17) Then, the substrate 630 is Immersed In an electroless copper plating solution having the following composition to 
form electroless copper plated films 763 each having a thtokness of 0.6 to 3.0|im on the entire rough surfaces 646 (Rg. 
49(B)). 


20 


[Electroless Plating Solution] 

NiS04 0.003 mol// 

^ Tartaric acid 0.200 mol// 

Copper sulfate 0.030 mol// 

HCHO 0.050 mol// 

NaOH 0.100 mol// 

3Q a,a'-bipyrldyl 40 mg// 

Polyethylene glycol (PEG) 0.1 0 g// 


[Electroless Plating Conditions] 
^ 40 minutes at a solution temperature of 35**C. 

(18) Commercially available photosensfth^e dry films are bonded onto the electroless copper plated films 763, masks 
are mounted thereon, respectively and the films are exposed with 100 mJ/cm^ and developed with a 0.8% sodium 
40 carbonate solution, thereby providing plating resists 650 each having a thickness of 30 jtm. Then, the resultant substrate 
630 is washed with water of a temperature of SO^'C and degreased, washed with water of a temperature of 25"C and 
with a sulfuric acid, and subjected to electroplating on tiie following conditions, thereby fomiing electroplated copper 
films 652 each having a thickness of 20 pjn (Rg. 49(C)). 

45 [Electroplating Solution] 

Sulfuric acid 2.24 mol// 

Copper sulfate 0.26 mol// 

Additive 19.5 mol// 

(Kaparadd HL manufactured by Atotech Japan) 


[Electroplating Conditions] 
Current density 1 

55 Duration 65 minutes 

temperature 22±2*'C 
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(19) After separating and removing the plating resists 650 with 5% NaOH, the electroless plated films 763 under the 
plating resists 650 are etchedwith a.solution mixture of a sulfuric acid and hydrogen peroxide, removed and dissolved, 
thereby forming conductor circuits 758 and relatively small via holes 760 each consisting of the electroless copper 
plated film 763 and the electroplated copper film 652 and having a thickness of 18 nm (Rg. 49(D)). The same process 

5 as that in (1 0) is perfonned, i.e., rough surfaces 622 are fonned by employing an etching solution containing a cupric 
complex and an organic acid (Fig. 50(A)). 

(20) The steps of (13) to (19) are repeated, thereby fomriing interiayer resin Insulating layers 741, conductor circuits 
759 and via holes 764 further above (Fig. 50(B)). 

(21) Next, a solder resist composition (an organic resin insulating material) Is obtained in the same manner as that in 
^0 the first embodiment. 

(22) Then, the solder resist composition prepared in (21 ) is applied to each side of the multilayer printed board to have 
a thickness of 20 pjn. After a drying process is perfomied on conditions of 70"C for 20 minutes and 70**C for 30 minutes, 
a photomask having a thickness of 5 mm on which the pattern of solder resist openings are drawn, is closely attached 
to each solder resist composition, exposure is performed with ultraviolet rays of 1 000 m J/cm2, development is performed 

IS with a DMTG solution to thereby fomi openings 671 U and 671 D. 

Thereafter, a heating process is perfonned to harden the solder resist composition on conditions of 80*C for 1 hour, 
lOO^C for 1 hour, 120'»C for 1 hour and 150*»C for 3 hours to thereby harden the solder resist composition and form 
solder resist layers 670 each having openings 671 U and 671 D and having a thickness of 20 |j.m (Rg. 51 (A)). The 
solder resist composition may be a commercially available solder resist composition. 

20 (23) Then, the substrate 630 having the solder resist layers 670 fomied thereon is immersed in the same electroless 
nickel plating solution as that employed in the first embodiment, thereby forming a nickel plated layer 672 in each of 
the openings 671 U and 671 D. Further, the substrate is immersed in the same electroless gold plating solution as that 
employed in the first embodiment, thereby fonning a gold plated layer 674 having a thickness of 0.03 |j/n on the ntekel 
plated layer 672 (Rg. 51 (B)). 

25 (24) Thereafter, a solder paste containing tin-lead is printed on each opening 671 U of the solder resist layers 670 on 
the side of the substrate on whfch the IC chip is mounted. Further, a solder paste as a conductive bonding agent 697 
is printed in each opening 671 on the other side of the substrate. Next, conductive connection pins 696 are attached 
to and supported by an appropriate pin holding device and the fixed portions 698 of the respective conductive connection 
pins 696 are brought into contact with the conductive bonding agent 697 within the openings 671 D. After a reflow 

30 process is perfonned, the conductive connection pins 696 are attached to the conductive bonding agent 697. Also, to 
attach the conductive connection pins 696, the conductive bonding agent 697 may be fonned into a ball shape or the 
like and put in the openings 671 D, or the conductive bonding agent 697 may be joined to the fixed portions 698 to 
attach the conductive connection pins 696. followed by a reflow process. 

[0264] Thereafter, the IC chip 690 is mounted on the printed circuit board 612 so that the solder pads 692 of the IC 
35 chip 690 con-espond to the opening 671 U side-solder bumps 676U of the printed circuit board 612, and a reflow process 
is perfonned, thereby attaching the IC chip 690 (Rg. 53). 

[Second Modification of Fourth Embodiment] 

^ [0265] A printed circuit board according to the second modification of the fourth embodiment of the present invention 
will be described with reference to Rg. 53. A printed circuit board 61 4 in the second modification of the fourth embodiment 
is almost the same as that in the fourth embodiment stated above. However, in the printed circuit board 61 4 in the second 
modification of the fourth embodiment, one chip capacitor 620 is contained in the concave portion 736 formed in the 
core substrate 630, Since the chip capacitor 620 is an-anged within the core substrate 630, the distance between the 

^ IC chip 690 and. the chip capacitor 620 becomes short and loop Inductance can be reduced. 

[Third Modificaliori of Fourth Embodiment] 

[0266] Next, the constitution of a printed circuit board according to the third modiffcatlon of the fourth embodiment will 

50 be described with reference to Fig. 14. 

[0267] The printed circuit board in the third modification is almost the same in constitution as the printed circuit board 
in the first embodiment stated above. They, however, differ in chip capacitors 20 contained in the core substrate 30. Rg. 
14 is a plan view of chip capacitors. Rg. 14 (A) shows a chip capacitor before being cut for providing a plurality of chip 
capacitors. In Rg. 14(A), a dashed line denotes a cut line. As shown in Rg. 14 (B), in the printed circuit board in the first 

55 embodiment stated above, the first electrodes 21 and the second electrodes 22 are provided on the edges of the chip 
capacitor. Rg. 14 (C) shows a chip capacitor before being cut for providing a plurality of chip capacitors in the third 
modification. In Fig. 1 4(C), a dashed line denotes a cut line. In the printed circuit board In the third modiffeation, as shown 
in the plan view of Rg. 14 (D). first electrodes 21 and second electrodes 22 are provided inside of the edges of the chip 
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capacitor. 

[0268] In the printed circuit board in the third modification, the chip capacitors 20 each having electrodes formed inside 
of the outer edges thereof are employed, so that mass storage chip capacitors can be employed. 
[0269] Next, a printed circuit board according to the first other example of the third modification will be described with 
5 reference to Rg. 15. 

[0270] Fig. 1 5 is a plan view of a chip capacitor 20 contained in the core substrate of the printed circuit board according 
to the first other example. In the first embodiment stated above, a plurality of small storage chip capacitors are contained 
in the core substrate. In the first other example, by contrast, a large, mass storage chip capacitor 20 is contained. The 
chip capacitor 20 consists of the first electrodes 21 . the second electrodes 22, a dielectric 23, first conductive films 24 

10 connected to the first electrodes 21 , second conductive films 25 connected to the second electrodes 22, electrodes 27 
which are not connected to the first and second conductive films 24 and 25. for the connection of the upper and lower 
surfaces of the chip capacitor. The IC chip and the daughter board are connected to each other through the electrodes 27. 
[0271] Since the large chip capacitor is employed in the printed circuit board in the first modification, it is possible to 
employ a mass storage chip capacitor. Further, since the large chip capacitor 20 is employed, the printed circuit board 

15 does not warp even if a heat cycle is perfomned repeatedly. 

[0272] A printed circuit board according to the second other example of the second modification will be described with 
reference to Fig. 1 6. Fig. 1 6 (A) shows a chip capacitor before being cut for providing a plurality of chip capacitors. In 
Fig. 16 (A), a dashed line denotes an ordinary cut line. Rg. 16 (B) is a plan view of the chip capadtore. As shown in Rg. 
1 6 (B), a plurality of (or in Rg. 1 6(B), three) chip capacitors for providing multiple capacitors are coupled to one another 

20 and employed as a large capacitor as a whole. 

[0273] In the second other example, since the large chip capadtor 20 is employed, it Is possible to employ a mass 
storage chip capacitor. Further, since the large chip capacitor is employed, the printed circuit board does not warp even 
if a heat cycle is perfomied repeatedly. 

[0274] In the embodiment stated above, the chip capacitors are built in the printed drcuit board. Alternatively, plate- 
lil<e capacitors each constituted by providing a conductive film on a ceramic plate may be employed Instead of the chip 
capacitors. 

[0275] Further, in the fourth embodiment stated above, only the chip capacitors contained in the core substrate are 
provided. Alternatively, mass storage chip capacitors can be mounted on the front and reverse sides of the substrate 
as in the case of the first other example of the first embodiment. 

[0276] As described above with reference to Rg. 1 2, voltage variatio n can be minimized by providing the chip capacitors 
20 in the vicinity of the IC chip and the mass storage chip capacitors (having relatively high inductance) on the front and 
reverse sides. 

[0277] Now, as for the printed circuit board in the fourth embodiment, the measurement values of the Inductance of 
the chip capacitor 620 embedded in the core substrate and that of the chip capacitor mounted on the reverse side 
35 (daughter board side-surface) of the printed circuit board are shown below. 
[0278] In a case where a single capacitor Is used: 

. Embedded type 1 37 pf-l 

Reverse side mounted type 287 pH 


25 


30 


40 

[0279] In a case where eight capacitors are connected in parallel: 

Embedded type 60 pH 

45 Reverse side mounted type 72 pH 

[0280] As can be understood from the above, it is possible to reduce Inductance by including the chip capacitor (s) 
regardless of whether a single capacitor is used or capacitors are connected in parallel so as to increase storage capacity. 
[0281] Next, the result of a reliability test will be described. Here, the rate of change of the capacitance of one chip 
capacitor on the printed circuit board in the fourth embodiment was measured. 

Rate of Change of Capacitance 

(measurement frequency 1 0OHz) (measurement frequency 1 kHz) 
Steam 168 hours 0.3% 0.4% 
HAST 100 hours -0.9% -0.9% 
TS lOOOcydes 1.1% 1.3o^ 
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[0282] In the Steam test, a humidity of 1 00% was maintained by applying steam. In the HAST test, the chip capacitor 
was left at a relative humidity of 100%, an applied voltage of 1. 3 V and a temperature of 121'*C for 100 hours. In the 
TS test, tests for leaving the capacitor at -1 25**C for 30 minutes and 55*C for 30 minutes were repeated 1 000 times. 
[0283] As a result of the above-stated reliability test, it was discovered that the printed circuit board including the chip 

5 capacitor (s) therein can attain equivalent reliability to that of the existing capacitor surface mount type. Further, as a 
result of the TS test, it was discovered that* even if an internal stress occurs due to the difference in the coefficient of 
thennal expansion among the capacitors made of ceramic, the core substrate made of a resin and the interlayer resin 
insulating layers, disconnection does not occur between the electrodes of the chip capacitors and the via holes, separation 
does not occur between the chip capacitors and the interiayer resin Insulating layers and cracks do not occur to'the 

10 interlayer resin insulating layer, whereby high reliability can be attained for a long time. 

[0284] With the constitution of the fourth embodiment, the via holes In the f ou rth embodiment are fomied between the 
conductor circuits and the capacitors. Due to this, it is possible to maintain desired perfomiance without delaying operation 
due to lack of power supply and no problems arise even if a reliability test was conducted. 

[0285] Moreover, because of the via holes, even if the via holes are fonrtied in the Interlayer resin insulating layers 
IS and positional errors occur to the via holes, the allowance is wide. Thus, electrical connection characteristics can be 
ensured. 


1. A printed circuit board constituted a buildup wiring layer (80A) by alternately laminating interlayer resin insulating 
layers (40,140) and conductive circuits (58.158) on a core substrate (30) containing a capacitor (20) consisting of 
ceramic characterized in that 

the core substrate (30) containing said capacitor is constituted by providing a first resin substrate (30a), a second 
resin substrate (30b) having an opening (30B) for containing the capadtor and a third resin substrate (30c) in a 
multilayer manner while interposing bonding plates (38a): 

each of said first, second and third resin substrates has a core impregnated with a resin 

said buildup wiring laver (80A) on the first resin laver (30a) has a solder bump (76U) for connecting to an IC chip 
(90): and 

a first electrode (21), a second electrode (22) of said capacitors (20) are connected to the conductive circuits (68) 
via a via hole (60) penetrating the interlayer resin insulating layers (40) on the core substrate (30) and said first resin 
substrate (30a). 

2. A printed circuit board according to claim 1, wherein 

each of said bonding plates has a core impregnated with a themriosetting resin. 

3. A printed circuit board according to any one of claims 1 to 2, wherein 
a plurality of said capacitors are provided. 

4. A printed circuit board according to any one of claims 1 to 3, wherein 
the conductor circuits are fomied on said second resin substrate. 

5. A printed circuit board according to any one of clatnns 1 to 4. wherein 
the capacitor is mounted on a surface of said printed circuit board. 


6. A printed circuit board according to claim 5, wherein 

a capacitance of the chip capacitor on said surface is equal to or higher than a capacitance of a chip capacitor on 
an inner layer. 

so 7. A printed circuit board according to claim 5, wherein 

an inductance of the chip capacitor on said surface is equal to or higher than an Inductance of the chip capacitor 
on an Inner layer. 

8. A printed circuit board according to any one of claims 1 to 7, wherein 
ss a metal film is fonmed on an electrode of said capacitor. 

9. A printed circuit board according to claim 8, wherein 

the metal film fomned on the electrode of said capacitor is a plated film mainly consisting of copper. 


Claims 
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10. A printed circuit board according to any one of claims 1 to 7, wherein 

at least a part of a coating layer of the electrode of said capacitor Is exposed and electrically connected to the 
electrode exposed from said coating layer. 

11. A printed circuit board according to any one of claims 1 to 10, wherein 

a chip capacitor having electrodes fomied inside of an outer edge is employed as said capacitor. 

12. A printed circuit board according to any one of claims 1 to 11 , wherein 

a chip capacitor having electrodes fomned in a matrix is employed as said capacitor. 

13. A printed circuit board according to any one of clalnns 1 to 12, wherein 

a plurality of chip capacitprs for providing many capacitors are coupled to be employed as said capacitor. 

14. A printed circuit board according to claim 1, wherein 

said first resin substrate and said capacitor are coupled to each other by an Insulating bonding agent and the 
insulating bonding agent is lower in a coefficient of thermal expansion than said first resin substrate. 

15. A printed circuit board manufacturing method characterized by comprising at least the following steps (a) to (g) : 

(a) fonning a conductor pad section (34) on a first resin substrate (30a) having a core impregnated with a resin; 

(b) connecting a capacitor (20) consisting of ceramic to said conductor pad section (34) of said first resin 
substrate through a conductive bonding agent (36); 

(c) providing a third resin substrate {30c) having a core impregnated with a resin, a second resin substrate {30b) 
having a core Impregnated with a resin having an opening (308) for containing said capacitor and said first resin 
substrate In a multilayer manner while interposing k)onding plates (38a) so that said capacitor of said first resin 
substrate is contained in said opening of said second resin substrate and that said opening of said second resin 
substrate is closed by the third resin substrate; and 

(d) heating and pressurizing said first resin substrata, said second resin substrate and said third resin substrate, 
to thereby provide a core substrate (30): 

(e) forming an interiayer resin insulating layer (40) on said first resin substrate (30a): 

(f) fomiing an opening (42) for via hole reaching to said conductor pad section (34) in said first resin substrate 
(30a) and said Interiayer resin insulating layer (40): and 

(g) fonning conductive circuits (68) on said interiayer resin insulating layer (40) and via hole (60) in said opening 
(42) for via hole. 


PatentansprQche 

1 . Leiterplatte, die dunch eine zusammengesetzte Verdrahtungsschicht (80A) gebildet wird. indem abwechseind Zwi- 
schenlagen-Harzisollerschichten (40. 140) und leitfahige Schaltungen (58, 158) auf einem Kemsubstrat (30) aus- 
geblldet werden, das einen Keramlk aufwelsenden Kondensator (20) umfaBt, dadurch gekennzelchnet, daB 
das Kemsubstrat (30), das den Kondensator umfaSt. gebildet wIrd. Indem ein erstes Harzsubstrat (30a), ein zweites 
Harzsubstrat (30b) mit einer Offnung (30B) zum Aufnehmen des Kondensators und ein drittes Harzsubstrat (30c) 
in einer mehrschichtigen Weise aufgebracht werden, wahrend VeriDindungsplatten (38a) dazwischen gefugt werden, 
wobei das erste, zweite und dritte Harzsubstrat Jewells einen mit einem Harz impragnierten Kem haben, wobei die 
zusammengesetzte Verdrahtungsschicht (BOA) auf der ersten Harzschlcht (30a) eIne L6tperte (76U) fOr die Verbln- 
dung mit einem IC-Chip (90) hat; und eine erste Eleklrode (21) und eine zweite Elektrode (22) der Kondensaloren 
(20) uberein Durchkontaktierungsloch (60). das dIeZwischenlagen-Harzisolierschfchten (40) auf dem Kemsubstrat 
(30) und das erste Harzsubstrat (30a) durchdringt. mit den lertfahlgen Schaltungen (58) verbunden sind. 

2. Leiterplatte nach Anspruch 1 , wobei jede der Verblndungsplatlen einen Kem hat, der mit einem wdrmeaushirtenden 
Harz impragniert ist. 

3. Leiterplatte nach einem der AnsprOche 1 bis 2, wobei mehrere der Kondensatoren aufgebracht werden. 

4. Leiterplatte nach einem der AnsprOche 1 bis 3, wobei die Leiterschaltungen auf dem zweiten Harzsubstrat ausge- 
bildet sind. 
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5. Leiterplatte nach einem der Anspmche 1 bis 4, wobei der Kondensator auf eine Oberflache der Leiterplatte montiert 
ist. 

6. Leiterplatte nach Anspruch 5, wobei die Kapazitat des Chiplcondensators auf der Oberflache gleich oder hoher als 
die Kapazitat eines Chipkondensators auf einer inneren Schicht ist. 

7. Leiterplatte nach Anspruch 5. wobei die Induktivitat des Chipkondensators auf der Oberfldche glek:h oder hdher als 
die Kapazitat des Chipkondensators auf einer inneren Schicht ist. 

8. Leiterplatte nach einem der Anspruche 1 bis 7. wobei auf einer Elektrode des Kondensators eine Metallschicht 
ausgebildet ist 

9. Leiterplatte nach Anspruch 8. wobei die auf der Elektrode des Kondensators ausgebildete Metallschteht eine me- 
tallisierte Schicht ist, die hauptsachiteh aus Kupfer besteht 

10. Leiterplatte nach einem der Anspruche 1 bis 7, wobei zumindest ein Teil einer Beschlchtungslage der Elektrode 
des Kondensators f reiliegt und mit der Elektrode elektronisch verbunden wird, die von der Beschbhtungslage freiliegt 

1 1 . Leiterplatte nach einem der Anspruche 1 bis 1 0. wobei als Kondensator eIn Chipkondensator verwendet wird, der 
Elektroden innerhalb eines AuBenrands ausgebildet hat 

1 2. Leiterplatte nach einem der Anspruche 1 bis 11 , wobei als Kondensator ein Chipkondensator venwendet wird, der 
in einer Matrix ausgebildete Elektroden hat 

13. Leiterplatte nach einem der Anspruche 1 bis 12, wobei mehrere Chipkondensatoren fur die Bereitstellung 'mehrerer 
Kondensatoren verbunden sind, um als Kondensator verwendet zu werden. 

1 4. Leiterplatte nach Anspruch 1 , wobei das erste Harzsubstrat und der Kondensator durch ein isolierendes Bindemittel 
miteinander veibunden sind und das isolierende Bindemittel einen niedrigeren Wdrmeausdehnungskoeffizienten 
als das erste Harzsubstrat hat 

15. Herstellungsverfahren fur eine Leiterplatte, gekennzelchnet dadurch, daB es mindestens die folgenden Schrltte 
(a) bis (g) aufweist: 

(a) Ausbllden eines Leiterkontaktfleckenabschnitts (34) auf einem ersten Harzsubstrat (30a), das einen mit 
einem Harz impragnierten Kem hat; 

(b) Verbinden eines Keramik aufweisenden Kondensators (20) mtt dem LelterkontaktReckenabschnitt (34) des 
ersten Harzsubstrats durch ein leitfahiges Bindemittel (36); 

(c) Aufbringen eines dritten Harzsubstrats (30c), das einen mit einem Harz Impr&gnierten Kem hat, eines zwelten 
Harzsubstrats (30b), das einen mit einem Harz impragnierten Kem hat. mit einer Offnung (30B) zum Auf nehmen 
des Kondensators und des ersten Harzsubstrats In einer mehrschlchtigen Weise, wahrend Verbindungsplatlen 
(3Ba) dazwischen eingetugt werden, so da3 der Kondensator des ersten Harzsubstrats in der Offnung des 
zweiten Harzsubstrats aufgenommen wird, und da3 die Offnung des zweiten Harzsubstrats durch das dritte 
Harzsubstrat verschlossen wird; und 

(d) EnA/gmnen und unter Druck setzen des ersten Harzsubstrats, des zweiten Harzsubstrats und des dritten 
Harzsubstrats, um dadurch ein Kemsubstrat (30) bereitzustellen; 

(e) Ausbilden einer Zwischenlagen-Harzlsollerschteht (40) auf dem ersten Harzsubstrat (30a); 

(f) Ausbilden einer Offnung (42) in dem ersten Harzsubstrat (30a) und der Zwischenlagen-Harzisolierschicht 
(40), damit das Durch kontaktierungsloch zu dem Leiterkontaktfleckenabschnitt (34) reicht; und 

(g) Ausbilden leitfahiger Schaltungen (58) auf der Zwischenlagen-Harzisolierschlcht (40) und des Durchkon- 
taktierungslochs (60) In der Offnung (42) fOrdas Durchkorttaktierungsloch. 


Revendlcatlons 

1. Carte de circuit Imprim6 constitu6e par une couche de cablage int6gr6 (80A) en stratifiant alternativement des 
couches isoiantes de r^slne interm^diaires (40, 140) et des circuits conducteurs (58, 158) sur un substrat de coeur 
(30) contenant un condensateur (20) constitud de c^ramique, caracterlsee en ce que 


43 


EP 1 139 705 B1 


le substrat de coeur (30) contenant ledit condensateur est r^alis^ en f ournissant un premier substrat de rteine (30a), 
un deuxieme substrat de rdsine (30b) ayant une ouverture (30B) destin^e k contenir le condensateur, et un troisi&me 
substrat de r^sine (30c) de mani&re multicouche tout en interposant des plaques de liaison (38a), chacun desdits 
premier, deuxieme, troisi^me substrats de r^sine ayant un coeur impr^gn6 d'une r^sine, 
ladite couche de cablage int6gr6 (80A) sur la premiere couche de r§sine (30a) a une perle de soudure (76U) pour 
connexion k une puce IC (90), et 

une premifere Electrode (21) et une seconde Electrode (22) desdits condensateurs (20) sontconnect^es aux circuits 
conducteurs (58) via un trou traversant (60) p^n^trant les couches isotantes de r^sine intenn^diaires (40) sur le 
substrat de coeur (30) et ledit premier substrat de r^sine (30a). 

2. Carte de circuit imprim6 selon la revendication 1 , dans laquelle chacune desdites plaques de liaison a un coeur 
impr6gn4 d'une r^slne themnodurcissable. 

3. Carte de circuit imprim^ selon la revendication 1 ou 2, dans laquelle une plurafit^ desdits condensateurs sont foumis. 

4. Carte de circuit imprim6 selon Tune quelconque des revendications 1^3, dans laquelle les circuits conducteure 
sont formes sur ledit deuxieme substrat de rSslne. 

5. Carte de circuit Imprlm^ selon Tune quelconque des revendications 1 k 4. dans laquelle le condensateur est mont6 
sur une surface de ladite carte de circuit imprimd. 

6. Carte de circuit imprim6 selon la revendication 5, dans laquelle une capacit6 du condensateur pastille sur ladite 
surface est ^gale ou sup6rieure k une capacity d'un condensateur pastille sur une couche Int6rieure. 

7. Carte de circuit imprimS selon la revendication 5, dans laquelle une Inductance du condensateur pastille sur ladite 
surface est 6gale ou sup6rieure k une inductance du condensateur pastille sur une couche int6rieure. 

8. Carte de circuit imprim§ selon I'une quelconque des revendications 1 k 7, dans laquelle un film m6tallique est form6 
sur une Electrode dudit condensateur. 

9. Carte de circuit imprimd selon la revendication 8, dans laquelle le film m^tallique form^ sur r^lectrode dudit con- 
densateur est un film plaquS constitu^ princlpalement de cuivre. 

10. Carte de circuit imprim6 selon Tune quelconque des revendications 7, dans laquelle au moins une partie d'une 
couche de revdtement de i'^lectrode dudit condensateur est expos^e et est connect^e 6lectriquement k i'^lectrode 
expos^e k partir de ladite couche de rev^tement 

11. Carte de circuit imprim6 selon I'une quelconque des revendications 1^10, dans laquelle un condensateur pastille 
ayant des Electrodes form6es k I'int6rieur d'un bord ext6rieur est utills6 comme ledit condensateur. 

12. Carte de circuit imprim6 selon Tune quelconque des revendications 1 & 11 , dans laquelle un condensateur pastille 
ayant des Electrodes formEes dans une matrice est utilisE comme ledit condensateur. 

13. Carte de circuit imprimE selon I'une quelconque des revendications 1 k 12, dans laquelle une pluralrtE de conden- 
sateurs k puce pourf oumir de nombreux condensateurs sont coupl6s pour §tre utilises en tant que ledit condensateur. 

1 4. Carte de circuit imprimE selon la revendication 1 , dans laquelle ledit premier substrat de rEsine et ledit condensateur 
sont couplEs I'un k {'autre par un agent de liaison isolant, et I'agent de liaison isolant est infErieur en termes de 
coefficient de dilatation themnique audit premier substrat de rEsine. 

15. Proc6d6 de fabrication d'une carte de circuit ImprimE, caracterlsd en ce qu'll comporte au moins les Etapes (a) k 

(g) suivantes: 

(a) fomier un tron9on de patin conducteur (34) sur un premier substrat d6 rEsine (30a), ayant un coeur ImprEgnE 
d'une rEsine; 

(b) connecter un condensateur (20) r6alls6 en cEramique audit tron9on de patin conducteur (34) dudit premier 
substrat de rEsine k travers un agent de liaison conducteur (36); 

(c) foumir un troisifeme substrat de r6sine (30c) ayant un coeur impr6gn6 de r6sine, un deuxiEme substrat de 
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resine (30b) ayant un coeurimpr6gn6 de r6sine ayant une ouverture (308) destin§e Scontenirleditcondensateur 
et ledit premier substrat de r^sine d'une mani^re multicouche tout en interposant des plaques de liaison (30a), 
de sorte que ledit condensateurduditpremlersubstratde r§sine estcontenu dans ladite ouverture duditdeuxi^me 
substrat de rtelne, et ladite ouverture du deuxi^e substrat de resine est ferni^e par le trolsi^e substrat de 


(d) chauffer et mettre sous pression ledit premier substrat de r6sine, ledit deuxifeme substrat de resine et ledit 
troisifeme substrat de resine. pour foumir ainsi un substrat de coeur (30); 

(e) fonner une couche isolante de r6sine interm6diaire (40) sur ledit premier substrat de r6sine (30a); 

(f) former une ouverture (42) pour un trou traversant attelgnant ledit tron9on de patin conducteur (34) dans ledit 
premier substrat de resine (30a) et ladite couche isoiante de r6sine intemi6diairB (40); et 

(g) fonner des circuits conducteurs (58) sur ladite couche Isolante de r6sine intemn6diaire (40). et un trou 
traversant (60) dans tadite ouverture (40) destln^e k un trou traversant. 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 1 0 
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Fig. 1 3 
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Fig. 1 5 
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Fig. 16 
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Fig. 27 
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Fig, 28 
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Fig. 39 
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